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Abstract 
There are clear signs that society is threatening the biophysical limits of our shared 
environment and that the size, distribution and behaviour of the population is to 
blame. The ongoing worsening of crises like water, food, soil and energy depletion, 
climate change, biodiversity loss and environmental degradation serves to illustrate 
that the current human situation is not sustainable. The seven billion-strong global 
human throng is exerting such pressure on our existing societal and environmental 
systems as to suggest a re-evaluation of existing approaches to the way in which land 
and resources are managed and to the very structures that allow these problems to 
escalate. A whole-of-system approach would see a realignment of priorities whereby 
the economy is viewed as a subsystem of society and the environment provides the 
backdrop to all societal systems. In order to achieve a sustainable socio-
environmental balance, society’s resources will increasingly need to be produced and 
accounted for, much closer to where they are to be used. New societal strategies need 
to be developed in order to cope with the challenges ahead and a re-localised system 
of resource usage is one potential systemic change that may facilitate more 
sustainable future lifestyles. Carrying capacity assessment provides one important 
tool for estimating the ability of landscapes to support the demands of local 
populations. Carrying capacity assessment offers a way to assess our resource needs 
and also determine how best to meet these needs in the future. This process 
establishes direct causal relationships between a specific landscape, timeframe and 
people, and inherently links these aspects to systems of land usage and social 
function. 
A key aim of this research is to highlight how society’s understanding of 
constraints to the productive capacity of its resource base is vital to its long-term 
survival. This was achieved through the development of an online model, the 
Carrying Capacity Dashboard, which links a population to the potential biophysical 
capacity of its environment. By accessing and reconfiguring existing data, this 
research has developed a flexible, robust and easily-accessible carrying capacity 
assessment tool. It offers user choices relating to climate, diet, land-use, agricultural 
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techniques, energy consumption and nature conservation, and also provides dynamic 
responses to online users. This educative feature is a valuable innovation to carrying 
capacity modelling which can assist in future societal decision-making processes 
relating to consumption patterns, land-use planning, population control and systems 
design. 
Analysis developed from the Dashboard tests the effects of various resource 
consumption patterns on carrying capacity and highlights the degree to which various 
regions are over or under capacity. Three scales of analysis were employed – 
national, state and regional; and it was found that the most significant determinant of 
carrying capacity is the proportion of cropping land within any one state or region. 
Findings also reveal that Australia’s current short-term carrying capacity is estimated 
to be over 40 million. However, if calculated on a regional basis, the nation’s 
carrying capacity is reduced by almost half, suggesting that national resource 
utilisation would currently be more efficient than at the regional scale, even though 
future resource constraints may necessitate greater regional self-sufficiency. Long-
term projections were also tested and carrying capacities both at a large and small 
scale were found to be much smaller in a future fossil-fuel depleted context. 
Ultimately, this research indicates that an entire systemic change is required to place 
society back on the path towards sustainability.  Such changes entail a future 
decentralisation of the population, agricultural and recycling practices instituted at 
local or regional scales and a rapid reduction in the reliance on non-renewable 
resources.  
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lt:  litres 
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mJ:  megajoules 
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1. Introduction 
The question of global overpopulation has challenged the world’s sociologists since 
Thomas Malthus raised the prospect over 200 years ago. Malthus1 argued that while 
human population potentially grows exponentially, the resources required for human 
survival remain relatively finite. To date, society has largely managed to produce the 
resources necessary to feed, house and clothe the majority of the earth’s inhabitants, 
though in vastly differing degrees of comfort, and Malthusian sceptics2 argue that his 
predictions of over-population have not eventuated because advanced technology and 
the use of high-energy fossil fuels have allowed for a significantly expanded 
resource-base. However, this mode of industrialised production and consumption has 
proven costly, with world-wide environmental degradation, resource depletion and 
social inequities escalating, and an ever-increasing global population serving to 
magnify the problem.  
A revision of current energy-intensive consumption patterns is essential if society 
is to address the global problems we now face. For instance, in order to 
accommodate the likelihood of a lower energy-intensive future, it is becoming 
apparent that society’s resources will increasingly need to be produced and 
accounted for, much closer to where they are to be used. New societal strategies need 
to be developed in order to cope with the challenges ahead and a re-localised system 
of resource usage is one potential systemic change that may facilitate more 
sustainable future lifestyles. For instance, Ostrum3 argues that the most effective way 
of successfully managing shared resources is to match the rules governing them to 
local needs and conditions. Accordingly, in order to ensure more equitable and 
sustainable future land-use patterns we must endeavour to directly link and limit 
populations to the regions which sustain them. It is envisaged that such an approach 
                                                 
1 T. R. Malthus, Population: The First Essay (Michigan: University of Michigan Press, 1959)., 202 
2 B. Lomborg, The Sceptical Environmentalist: Measuring the Real State of the World (Cambridge: 
Cambridge University Press, 2001). 
3 E. Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action (Cambridge: 
Cambridge University Press, 1990)., 90. Vail also points out that local production and consumption of 
resources engenders greater environmental and ethical responsibility in local populations because 
impacts are often more immediately obvious and behavioural change, more willingly undertaken. J 
Vail, "Envisioning a Hamlet Economy: Topology of Sustainability and Fulfilled Ontogeny "  
http://www.jeffvail.net/2006/04/envisioning-hamlet-economy-topology-of.html.. Foss concurs, “The 
shift to operating at a local scale, over the longer term at least (once the dust has settled), can be 
expected to improve the balance between individuals and society.” Nicole Foss, "Scale Matters," 
Automatic Earth, http://theautomaticearth.com/Finance/scale-matters.html. 
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to population management would not only fundamentally question existing 
approaches to land-use planning, but to the very systems that define our society such 
as economics, governance and education. To this end, carrying capacity assessment 
methods that accord with whole-system and regionally-based design approaches need 
to be developed to inform planners, stakeholders and local inhabitants of sustainable 
socio-environmental options. 
Despite widespread awareness of worsening global environmental indicators such 
as species extinction and climate change, our current societal systems appear to 
conspire against taking meaningful corrective action. The dominant global economic 
paradigm aims for infinite growth, despite its implausibility on a finite planet with 
finite resources. At the heart of this problem is the widespread misapprehension of 
system divisibility; that our economy can act independently from the physical 
environment (Figure 1a); despite the fact that all resources, all people and all of 
society is set within a physical system. The environment is thus the biophysical 
context that encapsulates and supports all other systems. Nested inside the physical 
sphere are society’s socio-cultural systems, of which the economy, being a subset of 
the society, is but one part amongst a number of other systems including education, 
health and governance (Figure 1b). These nested systems define the construct of 
socio-environmentalism. The key difference between these two world-views is that 
the intersecting model (Figure 1a) suggests that there are no biophysical constraints 
to societal and economic growth, while the concentric model (Figure 1b) reinforces 
the view that the physical environment creates such limits. This research adopts the 
concentric world-view (Figure 1b) and uses this model to represent the socio-
environmental context. It is this context - one of biophysical constraints - that 
informs the necessity of the research and directs the development of the carrying 
capacity model. While this concept is globally applicable, this research limits its 
practical application, in the form of a carrying capacity assessment model, to the 
Australian context. Hence the title of this research is: The development of a carrying 
capacity assessment model for the Australian socio-environmental context. 
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Figure 1a. Intersecting socio-environmental systems - an unrealistic representation of the whole. An 
example of its use is in the Australian Government’s recent population strategy.4 
Figure 1b. Nested systems - a more accurate illustration of the relationship between economic, 
societal and environmental systems.5 
Given the dependence of societal systems on biophysical health, it is incumbent 
on populations to more clearly define the extent to which they encroach into the 
biophysical sphere. As Larson et al. 6 point out, “[b]y assessing the physical 
limitations, it is evident that there are real constraints on how much can actually be 
provided from what is ultimately a finite resource base.” However, at present, most 
local regions possess neither the tools nor the know-how to assess the productive 
capacity of their own precincts. To this end, carrying capacity assessment offers a 
way to assess our resource needs and also determine how best to meet these needs in 
the future. This process establishes direct causal relationships between a specific 
landscape, timeframe and people, and inherently links these aspects to systems of 
land usage and social function. 
This research examines the historic context of human population carrying capacity 
dynamics and considers the future implications for society at a whole-of-system 
scale. It also appraises existing carrying capacity assessment types and makes 
recommendations for best-practice carrying capacity models. Based on these 
findings, this research develops a carrying capacity model most suited to the 
contemporary Australian context.  
                                                 
4 Australian Government, "Sustainable Australia - Sustainable Communities. A Sustainable 
Population Strategy for Australia,"  (Barton: Department of Sustainability, Environment, Water, 
Population and Communities, 2011)., 7 
5 State of the Environment Advisory Council, "Australia: State of the Environment,"  (1996)., 10-12 
6 K Larsen et al., "Victorian Food Supply Scenarios - Impacts on Availability of a Nutritious Diet,"  
(Melbourne: Victorian Eco-Innovation Lab (University of Melbourne), CSIRO and Deakin 
University, 2011)., vi 
  
Figure 1a.     Figure 1b. 
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1.1 Research context 
There is evidence to suggest that the struggle to subsist at or below the earth’s 
biophysical carrying capacity has dictated the behaviour and size of the global 
population since our very earliest beginnings. In fact, carrying capacity constraints 
are most likely the leading driver of societal systemic change from hunter-gathering 
to swidden agriculture; and from cultivation and pastoralism to modern industrialised 
agriculture. As each phase of human development reached its natural productive 
limits, pressure to ever-increase the local and global population has led to successive 
cultural and technological revolutions. 7 
Despite a consistent expansion of human population, there have been periods of 
relative stability in which societies have managed to both assess the carrying 
capacity of their local environs, and also consciously maintain a population below its 
ecological limits. For example, the Australian aboriginal population maintained a 
relatively stable population across the entire continent for millennia;8 in Papua New 
Guinea, the Maring people developed an elegant and well documented9 system of 
carrying capacity assessment; and the Japanese pre-industrial Tokugawan culture10 
also managed to maintain a reasonably stable population based on the carrying 
capacity of local regions. There are presumably many other historic precedents of 
populations intentionally living within carrying capacity-imposed limits but 
documented examples are few; and since global industrialisation has significantly 
expanded the resource-base, examples of contemporary self-sufficient societies 
living entirely within their regional long-term ecological capacity by consciously 
limiting their population are arguably non-existent. The growth paradigm of the 
modern industrial era has meant that population expansion, along with its 
concomitant schema, economic expansion, has largely been viewed favourably, if not 
embraced wholeheartedly world-wide. 
In the face of ever-present societal pressure to expand, there are encouraging signs 
that the beginnings of a resistance to the trend has begun. There is now at least some 
                                                 
7 For more information see Chapter 4 Historic reactions to carrying capacity constraints. 
8 Joseph B. Birdsell, "Some Environmental and Cultural Factors Influencing the Structuring of 
Australian Aboriginal Populations," The American Naturalist 87, no. 834 (1953). 
9 Roy A. Rappaport, Pigs for the Ancestors: Ritual in the Ecology of a New Guinea People (New 
Haven: Yale University Press, 1967). 
10 Thomas C. Smith, Native Sources of Japanese Industrialization, 1750-1920 (Stanford: Stanford 
University Press, 1977). 
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community acknowledgement11 that as a society, we must live within the confines of 
our long-term physical means and in recent years the concept of population carrying 
capacity has gained an increasing degree of public acceptance. For example, the 
Sunshine Coast Regional Council12 has “committed to land-use planning based on the 
concept of sustainable carrying capacity, defined simply as the population that can be 
supported indefinitely by its supporting systems.” This growing awareness recently 
entered the federal sphere, with the Labor Government appointing a Sustainable 
Population minister Tony Burke, charged with establishing sustainable population 
guidelines. Burke13 states that, “we have to also take into account, do some sections 
of Australia have what - with my agriculture hat on - gets referred to as a carrying 
capacity?” Burke’s Sustainable Development Panel chair, Bob Carr14 sets out his 
position on carrying capacity as the opportunity to “link population growth to a 
number of variables” related to Australia’s inherent characteristics. While the idea of 
carrying capacity has at least gained a broader audience in recent years, there still 
exists a divergence in views on both the definition and contextual validity of carrying 
capacity assessment. 
In recent decades a variety of carrying capacity assessment approaches have been 
tested but generally the complex nature of modern lifestyles has complicated the 
process. For instance, in a globalised world, this form of resource accounting has 
presented methodological difficulties because resource production, consumption and 
waste assimilation are often spread across vastly differing demographic and 
geographic landscapes. In other words, international trade has warped the potential 
reliability of carrying capacity assessments. However, given compelling evidence of 
forthcoming resource depletion and the restrictions imposed by climate change, the 
question must be asked: Is it desirable, or even feasible, to perpetuate the existing 
highly energy-dependent globalised system of trade? If a less energy-intensive, more 
localised and reasonably self-reliant socio-environmental system was adopted, how 
                                                 
11 Recent media articles include Hoffman Bill Hoffman, "Council Set to Fight Growth Push,"  
http://www.thedaily.com.au/news/2009/apr/16/council-fight-growth-push/., 4, Courier Mail Courier-
Mail, "Australia's Population Should Be Capped at 28 Million, Says Bob Carr," Courier Mail, 24 
March 2010. and Sales Leigh Sales, "Bracks, Carr Discuss Population Growth," in Lateline (ABC, 
2009). 
12 Peter Gardiner, "Both Sides Say Use It or Lose It," Noosa News, 16 October 2009. 
13 Leigh Sales, "Sustainable Population - Leadership,"  (2010), 
http://assistant.treasurer.gov.au/DisplayDocs.aspx?doc=transcripts/2010/017.htm&pageID=004&min
=tsb&Year=&DocType=. 
14 Fran Kelly, "Panel Discussion on Population, Radio National Breakfast Program,"  (2010), 
http://www.population.org.au/index.php/population/policy/524-panel-discussion-on-population-radio-
national-breakfast-program. 
    26 
can practical planning methods, such as carrying capacity assessment, be activated to 
help guide this transition?  
To date, only a limited number of carrying capacity assessments have successfully 
been able to test the ability of physical environments to supply the resources and 
absorb the impacts of a local population. For instance, recent carrying capacity 
studies of New York State15 and Britain16 have effectively incorporated resource-
based approaches while the more localised, Southeast Queensland analysis of 
Graymore17 offers some insight into an impact-based methodology. However, few 
studies have used carrying capacity assessment as a means to dynamically highlight 
how potential changes in societal behaviours might influence carrying capacity 
estimates, and it seems that none have yet been able to condense their method into a 
succinct user-accessible model. In contrast, a derivative of carrying capacity analysis, 
the Ecological Footprint,18 has gained much recognition19 in recent years as a 
dynamic interactive tool allowing users to determine their environmental impact on a 
global basis. It is thus suggested that a combination of successful components from 
existing carrying capacity assessments together with the interactive potential 
displayed by Ecological Footprint analysis, can produce a localised, informative and 
easily-assessable carrying capacity assessment tool. 
                                                 
15 Christian J. Peters, Jennifer L. Wilkins, and Gary W. Fick, "Testing a Complete-Diet Model for 
Estimating the Land Resource Requirements of Food Consumption and Agricultural Carrying 
Capacity: The New York State Example," Renewable Agriculture and Food Systems 22, no. 2 (2007). 
16 Simon Fairlie, Meat: A Benign Extravagance (East Meon, UK: Permanent Publications, 2010). 
17 Michelle L. M. Graymore, "Journey to Sustainability: Small Regions, Sustainable Carrying 
Capacity and Sustainability Assessment Methods, PhD Thesis" (Griffith University, 2005). 
18 Mathis Wackernagel, "Ecological Footprint and Appropriated Carrying Capacity: A Tool for 
Planning toward Sustainability" (University of British Columbia, 1994). 
19 Marcus Sutcliffe, Paul Hooper, and Ros Howell, "Can Eco-Footprinting Analysis Be Used 
Successfully to Encourage More Sustainable Behaviour at the Household Level?," Sustainable 
Development 16, no. 1 (2008)., 1 
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2. Research process 
2.1 Research objectives 
In its broadest sense, this research aimed to highlight how society’s understanding of 
constraints to the productive capacity of its resource base is vital to its long-term 
survival. A growing mainstream awareness in the importance of linking a population 
to the carrying capacity of its landscape has to date, largely been rhetorically rather 
than empirically tackled. For instance, while both the Redlands City20 and Sunshine 
Coast Regional Councils21 have publicly committed to living within their carrying 
capacities, they don’t currently have the tools or expertise to determine the actual 
extent of these limits. Alternatively, existing tools such as Ecological Footprint 
Analysis, present enticing interfaces and offer educative global functionality but lack 
the ability to test localised strategies applied to specific landscapes. 
In accordance with a broad educational objective, this research aimed to 
contribute to both the theory and practice of carrying capacity research. In meeting 
this aim, the following questions directed the research:  
Within the Australian socio-environmental context: 
 
1. How have carrying capacity dynamics influenced societal behaviour 
historically and what relevance does this have? 
2. How are carrying capacity models best categorised and what types are 
the most appropriate? 
3. What components define existing international best-practise carrying 
capacity models and how might these aspects be incorporated into 
modelling? 
4. How can the theoretical aspects of carrying capacity assessment best be 
given practical application? 
5. What are the implications of carrying capacity assessment? 
The first three questions provide conceptual background to this research and are 
answered as part of a theoretic evaluation of carrying capacity in the literature review 
                                                 
20 Redland City Council, "Redlands 2030 Community Plan,"  (2010). 
21 Gardiner, "Both Sides Say Use It or Lose It." 
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(Chapters 3 - 7). The application of theory to practice (Question 4) is initially 
informed by the literature review but is further demonstrated with the development 
and testing of the carrying capacity model (Chapters 8-10). Upon completion of the 
model it is then possible to answer the last question which examines the implications 
of the research (Chapter 11). Given that the title of this thesis refers to a socio-
environmental context, each question is posed within this frame of reference; with 
question four also having a particular focus on the Australian setting as this was the 
geographic extent of the model. 
2.2 Significance of research 
It was the intention of this research to add practical application to what are currently 
well-intentioned but untested emerging societal aspirations concerning carrying 
capacity assessment. Basic enquiries into the amount of land required by a 
population for its minimum resource requirements are currently not easily 
measurable. It is anticipated that the carrying capacity model developed through this 
research, can more accurately define the variables inherent in this question, and more 
clearly articulate possible outcomes. For example, the model could predict that a 
certain region’s population may currently be within the carrying capacity of its 
landscape for one year of average production given existing consumption patterns, 
but perhaps it may be over-capacity if longer timeframes or different consumption 
patterns are applied. This carrying capacity assessment model thus offers a dynamic 
tool for ascertaining population thresholds and potential future population 
distributions, as well as providing important guidelines for living within these 
physical limits. Consequently, it has the potential to influence urban and rural 
planning policy at all levels of government. It can also be useful for researchers and 
educators in highlighting system boundaries and physical limits to design proposals. 
Perhaps above all else, it can help individuals and local communities to more clearly 
define lifestyle changes necessary to ensure more resilient and sustainable societies 
in the future. 
One productive outcome of this research has been to develop an easily accessible 
carrying capacity model in order to better define and publicise how the process of 
carrying capacity modelling can operate and to give users the experience of testing 
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various carrying capacity parameters. Carrying capacity analyses, by definition,22 are 
reflective of particular pieces of land at a particular time, and any region invariably 
possesses its own unique physical characteristics, resources and environmental 
responsiveness. Consequently, the model generated as part of this research aimed to 
estimate maximum population thresholds based on the unique biophysical 
characteristics of specific geographical regions within Australia. The model accounts 
for various societal and agricultural systems, environmental protection processes and 
a range of lifestyle choices such as energy, water and food consumption. Given the 
complexity of the input data, a definitive carrying capacity population number is 
never likely to be achievable. However, it is possible to offer an approximate figure 
as long as the variables are clearly articulated at the same time. For example, it is 
possible to state that the Southeast Queensland region has a carrying capacity of say, 
two hundred thousand people, assuming that they ate a certain diet and farmed a 
certain way. The advantage of this approach is that these variables can also be 
dynamically altered and the impacts on carrying capacity observed in a simulated 
and location-based manner. 
2.3 Scope of research 
There are two key steps that populations must take in order to live within their long-
term bio-regional limits - carrying capacity assessment and maintenance. It thus 
follows that the scope of this research is bound by these twin aspects. From an 
assessment perspective, populations need to make ongoing evaluations of societal 
needs and of the capability of their productive landscape; and a fair and sustainable 
balance must be struck between the two. Secondly, populations need to maintain a 
size which is far enough below the carrying capacity of regional biophysical limits to 
allow for productive variability from year to year. The implications for carrying 
capacity maintenance range from migration to birth control to re-localisation. 
From a land-use planning perspective, the scope of this research includes all the 
systems involved in our interaction with the environment. Consequently, it comprises 
a range of settings such as urban, rural and environmental planning; as well as 
societal systems that underpin our society such as governance and the economy. 
While the relationship between the land and its people already forms the basis for 
existing land-use planning, a carrying capacity focus also offers a way to better 
                                                 
22 See chapter 3.2 Carrying capacity definition. 
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measure the relationships between these aspects. In fact, it is suggested that the 
assessment of these biophysical constraints should form the first step in future land-
use planning practice. The practical steps involved in this process of carrying 
capacity assessment involve quantifying these constraints, analysing them 
collectively, and then making predictions about their behaviour. 
The success and validity of future land-use planning necessitates the inclusion of 
whole-of-system23 carrying capacity assessment models estimating the ability of a 
landscape to produce the resources necessary for a certain population as well as its 
capacity to assimilate any subsequent waste. However, a thorough incorporation of 
these dual components is ultimately beyond the scope of this research. The focus, 
therefore, has been largely on the first stage of a society’s resource utilisation, its 
resource production. This research argues that in a closed system (which carrying 
capacity assessment implies) there is a linear progression from resource production 
to resource usage (consumption) to resource assimilation (waste) so notwithstanding 
extreme environmentally destructive behaviour, the amount of resource assimilation 
is dictated by the amount of resources produced. Dilworth24 explains this 
predicament another way by pointing out that society’s, “quantity of waste cannot be 
reduced without reducing the quantity of materials used.” This is not to suggest that 
the assimilation of waste is unlikely to have an impact on the carrying capacity of a 
given landscape; and it also does not mean to imply that a circular pattern of resource 
utilisation, where waste is recycled back into resource productivity, is not preferable 
to an entirely linear one. Rather, it merely observes that in a closed system, the 
degree of resource wastage, destined for environmental assimilation, is largely 
dependent on the degree of resource production, so is deemed to be of secondary 
importance. 
In order to highlight biophysical constraints within the societal context, 
quantitative approaches using mathematical formulae will be employed to generate a 
numeric result.25 Given the difficulties of incorporating wide ranging and ever-
changing variables, it is acknowledged that the measurement of carrying capacity is a 
                                                 
23 Whole-of-system incorporates the elements illustrated in Figure 1b: environmental systems, societal 
systems and societal sub-systems such as the economy. 
24 C. Dilworth, Too Smart for Our Own Good: The Ecological Predicament of Humankind 
(Cambridge: Cambridge University Press, 2010)., 7 
25 As per chapter 3.2 (Carrying capacity definition), quantitative assessment involves numeric 
calculations whereas qualitative analysis relies on theoretical formula (such as I=PAT) to illustrate 
carrying capacity concepts. 
    31 
complex task. In fact Livi-Bacci26 argues that, “the identification of carrying capacity 
presents so many conceptual difficulties as to be virtually useless for practical 
purposes.” However, there already exist several workable examples of carrying 
capacity assessment models such as those developed by Peters et al.27, Fairlie28 and 
Gutteridge29 so in disproving Livi-Bacci’s assertions, the objective of this research is 
to synthesise and refine these methodologies into an approach suitable for practical 
applications. 
In summary, there are two key aspects to this research – the exploration of 
carrying capacity in a theoretic setting and the practical development of the model 
itself. Initially, carrying capacity concepts are explored and an appropriate definition 
established (Chapter 3). An historic examination of carrying capacity constraints are 
then undertaken with specific emphasis on societies that have transgressed 
biophysical limits and also those which have managed to maintain a population 
within the carrying capacity of their productive landscapes (Chapter 4). The potential 
for a future carrying capacity crisis is then discussed within the context of resource 
constraints, environmental impacts and systemic drivers (Chapter 5). Carrying 
capacity assessment types and the components that make up carrying capacity 
models are described in Chapters 6 and 7. These initial chapters form the literature 
review and inform both an evaluation of and contribution to contemporary carrying 
capacity theory while subsequent chapters concentrate on the development of the 
model itself. The processes proposed for the construction of the carrying capacity 
model for contemporary Australia involves assessing and refining existing carrying 
capacity assessment methodologies, compiling existing data, constructing the model, 
testing it and then disseminating it. Chapter 8 details the processes involved in the 
model’s construction while Chapters 9 and 10 test and evaluate the output and value 
of the model. Finally, the implications of carrying capacity modelling to the socio-
environmental context are explored, with particular emphasis given to land-use 
planning, governance, education and systemic change (Chapter 11). 
                                                 
26 Massimo Livi-Bacci, A Concise History of World Population (Oxford: Blackwell, 1992)., 224 
27 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
28 Simon Fairlie, "Can Britain Feed Itself?," The Land 4, no. Winter 2007-8 (2007). 
29 Michael Gutteridge, "Ecological Footprint and Carrying Capacity Studies of South East 
Queensland: A Comparison and Discussion of Results,"  (Brisbane: Department of Natural Resources 
and Mines, Queensland Government, 2005). 
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Aspects which fall outside the scope of this research include the modelling of 
locations external to Australia, geographic scales smaller than Australian regions, 
human activities that have little impact on land-usage requirement and resources 
considered to be non-essential to basic human needs. Additionally, while the carrying 
capacity modelling itself is integral to fulfilling the aims of this research, the design 
of the graphic interface is considered to be a specialist field so is to be outsourced to 
interactive design professionals. Each of these non-inclusions could serve as worthy 
topics for further research, but for the purposes of this thesis, are outside the scope. 
2.4 Research design 
In aiming to contribute to carrying capacity theory and practice with the development 
of a carrying capacity assessment model for the Australian context, this research 
poses five key questions. 30 These questions dictate the direction of this study so are 
each addressed in the design of the research. The five aspects are summarised below 
under the headings: historic significance, types, components, model development and 
implications. 
2.4.1 Historic significance 
Research question 1: How have carrying capacity dynamics influenced societal 
behaviour historically and what relevance does this have within a socio-
environmental context? 
In order to set the conceptual framework, an exploration of the historic use of the 
term carrying capacity and the way in which carrying capacity has influenced human 
development must first be established. Consequently, this research traces the 
beginnings of the term, defines its meaning and considers the relevance of existing 
quantitative carrying capacity assessment formulae. In a broader sense, the research 
also considers how carrying capacity dynamics have influenced societal behaviour in 
the past with particular emphasis on societies that have both avoided and 
transgressed carrying capacity constraints. A thorough examination of the relevance 
of carrying capacity to contemporary socio-environmental conditions is then 
undertaken and any responses at a global, national and regional scale to existing 
carrying capacity problems are reviewed. An investigation of Australia’s role in and 
                                                 
30 See Chapter 2.1 Research objectives 
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response to a potential carrying capacity crisis also helps to frame the Australian 
socio-environmental context. 
2.4.2 Types 
Research question 2: How are carrying capacity models best categorised and what 
types are the most appropriate within the socio-environmental context? 
Prior to exploring new carrying capacity concepts and developing a relevant 
model, a clear understanding of the contribution of previous researchers to carrying 
capacity modelling is necessary in order to gain expertise in this area. Consequently, 
an evaluation of existing modelling approaches is undertaken. In particular, models 
are categorised into various types in order to more clearly compare and contrast 
aspects that may be relevant for the contemporary setting. This research examined 
existing carrying capacity assessment approaches from various perspectives 
including historic, global, local impact-focused, local societally focused, local 
resource-focused and local whole-of-system.31 Evaluation of existing carrying 
capacity types and models can highlight the relevant aspects of other researchers’ 
work. 
2.4.3 Components 
Research question 3: What components define existing international best-practise 
carrying capacity models and how might these aspects be incorporated into 
modelling for the socio-environmental context? 
In accord with the exploration of carrying capacity types, a cataloguing of the 
components of carrying capacity models also contributes to carrying capacity theory 
and helps to inform the development of the carrying capacity model. The process 
taken for this part of the research involved examining a number of existing models, 
identifying modelling aspects relevant to carrying capacity assessment, identifying 
aspects that other researchers may have included or omitted and outlining why these 
components should be incorporated into an ideal model. An outline of the ideal 
approach to carrying capacity assessment is to be adopted, as it will provide a range 
of criteria against which all carrying capacity models can be measured, including the 
                                                 
31 See Chapter 6. Carrying capacity assessment model types. 
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model developed for this research.32 This stage of the research informed the 
development of the carrying capacity model by analysing existing best-practice 
which includes aspects of regional scalability, interactivity and resource-based 
parameters. 
2.4.4 Model development 
Research question 4: How can the theoretical aspects of carrying capacity 
assessment best be given practical application in the Australian socio-environmental 
context? 
The fourth research question asks how the theoretical aspects of carrying capacity 
assessment previously identified in research questions one to three, can best be given 
practical application in contemporary Australia. The answer to this question is 
demonstrated with the actual development of a model that was publicly released and 
tested in an Australian setting. This process entails three stages including sourcing 
appropriate data, constructing the model and assessing the model and its output. 
Stage 1: Gather and verify existing data 
The practical objective of this research is to develop a carrying capacity model rather 
than generate carrying capacity data, so one of the first steps will be to source 
appropriate existing data upon which the model can be based. In order for the model 
to be useful to the broader community, it needed to be populated with relevant data. 
For example, the model incorporated data at national, state and regional scales for 
land-usage such as cropping, pasture, nature reserve, urban infrastructure and non-
agricultural land. Users also needed to be given the ability to manipulate parameters 
relating to essential resource provision such as food, textiles, fuel, water, ecosystem 
services and climate to test the subsequent carrying capacity of a region. 
Rather than generating new data, this study gathered data from a wide range of 
existing sources in order to create a workable model. Primarily, the sources of this 
data was governmental, peer-reviewed or otherwise reputable agencies where the 
publication of information is based on expert input, cross-referenced data and 
publicly accessible and reviewed assumptions. Such sources include the Australian 
Bureau of Statistics and peer reviewed journals. Only when these more reputable 
                                                 
32 This cataloguing of components of an ideal carrying capacity model was carried out in Chapter 7. 
and summarised in Chapter 7.11. 
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sources were clearly not available, was data drawn from other publications. 
Fortunately, the sources of data with the largest impact on results were also drawn 
from the most reputable sources (for example, wheat and beef yields from ABS data) 
while components with less impact (for example, persimmon and turkey yields) 
came from more obscure sources. 
Examples of the types of data gathered33 in the development and testing of the 
carrying capacity assessment model were as follows: 
1. Land-usage: potential sources including ACLUMP’s Land Use of 
Australia34 documentation and the ABS’s Agricultural Commodity 
publications.35 
2. Crop yields: will reflect the productivity of the landscape, having a 
significant localised impact on carrying capacity. Reliable data is most 
likely sourced from the Australian Bureau of Statistics’ (ABS) 
Agricultural Commodity database.36 
3. Dietary requirements: according to Fairlie’s37 calculations, food 
production is the largest user of land, and particular diets can also 
significantly influence land-use needs. Government dietary sources38 are 
likely to provide the most accurate data for Australian studies. 
4. Other resource requirements: including textiles, biofuels, and timber. The 
ABS, again, is a good source of this data. 
5. Farming practices such as irrigation and organic farming are likely to 
affect crop yields. 
6. Demographic data: reflecting the population makeup (e.g. gender, age and 
distribution) within each area. This is likely to be sourced from ABS 
demographic data sources.39 
In the event that insufficient reliable data was available, it was necessary to omit 
parts of the model that were initially intended to be included. For example, while this 
                                                 
33 Refer to Chapter 8 for more specific details on where data was sourced. 
34 ABARES, "Land Use of Australia,"  (Canberra: Commonwealth of Australia, 2010). 
35 Australian Bureau of Statistics, "Agricultural Commodities Australia 2008-09,"  (Canberra: 
Commonwealth of Australia, 2010). 
36 Ibid. 
37 Fairlie, "Can Britain Feed Itself?.", 18 
38 Potential sources of data include the ABS and the National Health and Medical Research Council 
Annette Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. 
Revised Draft Report for Public Consultation,"  (National Health and Medical Research Council, 
2011). 
39 Australian Bureau of Statistics, "Australian Demographic Statistics,"  (Canberra: Commonwealth of 
Australia, 2010). 
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research initially aimed to include a range of agricultural approaches such as organic 
and poly-cultural production, insufficient Australian crop yield data was available. In 
this case, data from other countries was extrapolated to generate an organic-yield 
dataset,40 while poly-culture was omitted altogether. 
Stage 2: Construct model 
The process of development of the carrying capacity model was as follows: 
1. Modelling calculations conducted in Microsoft Excel. This spreadsheet 
software easily allowed data to be sorted, compared, manipulated and 
calculated. Additionally, much of the ABS’s crop yield data is already 
publicly available in excel format. 
2. Data was processed in Excel in accordance with the approach of Peters et 
al.41 so formulae needed to be developed that were to: 
a. Calculate dietary and energy components of particular food items. 
b. Develop typical diets and servings of food items per diet. 
c. Apportion quantities of each food item as a percentage within each 
food group. 
d. Estimate percentage of eventual food item available for consumption 
given food system losses, inedible portions and cooking losses. 
e. Tabulate crop yields for each food item (weight of item per area of 
land) including feed requirements for animals as well as for other 
resources such as textiles, timber and biofuel. 
f. Estimate land available for agricultural production and apportion 
resources to types of land (e.g. cropping, pasture, non-agricultural).  
g. Estimate annual per capita land requirements for resource production 
h. Divide available land by per capita requirements to ascertain carrying 
capacity. 
3. The process of using the model was as follows: 
a. Define land boundary and calculates total area 
b. Make inventory of existing and potential agricultural potential and 
calculate equivalent land areas. For example, determine the proportion 
of cropland, pasture and non-agricultural land. 
                                                 
40 See Chapter 8.3.8 for more details on the methods used for generating a dataset for organic 
agriculture. 
41 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." as per Chapter 6.4.2. 
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c. Determine the amount of land alienated from productive purposes 
through infrastructure and conservation purposes. 
d. Choose agriculture production system/s 
e. Choose resource requirements including food, textiles, energy, and 
timber. 
f. Stipulate the degree to which the population in question are self-
sufficient within the land boundary, reflecting the population’s 
imports and exports. 
g. Generate population carrying capacity result 
h. Review and make adjustments to above parameters both as an 
ongoing refinement of the process and as an indication of possible 
necessary changes in lifestyle (e.g. reduce meat intake). 
4. Integrate user-friendly interface 
Stage 3: Trial, refine and assess model 
It was considered that the testing of the carrying capacity assessment model with real 
data would give this research a more practical outcome and would also help inform 
methodological decisions in its development. Consequently, a prototype of the model 
was released on the internet for users to access and trial. Some users also volunteered 
feedback which assisted in refining its usability and effectiveness.42 
By using the ten criteria for an ideal carrying capacity assessment,43 the model 
developed as part of this research was then evaluated for its successes and 
shortcomings against those criteria.44 While some of these benchmarks fell outside 
the scope of this research, all of the ten criteria were at least considered and 
incorporated to some degree. 
2.4.5 Implications 
Research question 5: What are the implications of carrying capacity assessment 
within the socio-environmental context? 
Given that this research argues for societal recognition of carrying capacity 
constraints and more widespread societal adoption of carrying capacity assessment,45 
                                                 
42 See Chapter 10.2 User feedback. 
43 See Chapter 7. Carrying capacity assessment model components 
44 See Chapter 10. Evaluation of carrying capacity model 
45 See Chapter 1. Introduction. 
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it was important to explore the implications of such action. Two main aspects are 
thus explored: the systemic implications of such an approach and the steps that might 
need to be taken to disseminate the model and educate the population.46 This research 
question also needs to be answered within the context of the necessity for a review of 
societal systems, so contemporary problems relating to society’s impact on the 
environment and the likelihood of a future carrying capacity crisis form the rationale 
upon which this question is raised.47 
The systemic implications of carrying capacity assessment are explored from a 
number of different angles including governance structures, environmental 
management and land-use planning. In order to explore the extent of systemic 
implications, this research considered the benefits and shortcomings of carrying 
capacity assessment, how it can be effectively implemented and who might be most 
affected. The feasibility of a carrying capacity-based approach to societal decision-
making processes from the perspective of technical capability and societal 
willingness were also examined with particular emphasis given to population control. 
Lastly, the possibilities for societal change were explored through the lens of 
Cohen’s48 four carrying capacity crisis avoidance methods 49 including migration, 
changing consumption habits, reallocating resources and systemic revolution. 
The research also explored possible ways in which the carrying capacity model 
and information about carrying capacity constraints can be shared with the broader 
community. The potential for the model itself to act as a catalyst for discussion and 
education is discussed and future variations of the model which might specifically 
target particular groups such as university and school students are explored. Other 
initiatives which might further disseminate carrying capacity information such as 
websites, an online forum, blogs, public presentations and private consultations are 
also pursued. Lastly, the potential for the model to be useful in community 
consultation and planning is investigated and likely interested parties such as 
governments, universities, land-use planners and local communities identified. 
                                                 
46 See Chapter 11. Implications of carrying capacity assessment within the socio-environmental 
context. 
47 The way society is impacting the environment is in Chapter 5. Future carrying capacity crisis. 
48 Mark N. Cohen, Health and the Rise of Civilization (New Haven: Yale University Press, 1989)., 20-
21 
49 See Chapter 4.1 Avoidance of carrying capacity constraints  
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3. Carrying capacity concepts 
Carrying capacity is a concept suggesting that populations are constrained in their 
behaviour and in their number by the biophysical limits of the landscape upon which 
they are supported. In accord with Meadows’ et al.50 hypothesis, which is best 
summed up by the title of their book, The Limits to Growth,51 the concept of carrying 
capacity inherently acknowledges and measures these limits. In the contemporary 
Australian context, such biophysical limits are not always recognised,52 with societal 
and economic systems often viewed as operating outside of an environmental context 
(Figures 1a and 1b). However, a societal awareness of these constraints is an 
essential element in the sustainable long-term survival of any population because 
transgression of such biophysical limits can lead to both population collapse and 
environment degradation.53 This research explores some of the constraints to 
population carrying capacity, particularly in the Australian context.  
In both academia and society at large, carrying capacity theory and practice is an 
under-developed science. The parameters involved in its calculation, an 
understanding of how it is performed and the components necessary for an accurate 
and detailed carrying capacity assessment are generally not well documented or 
understood. 54 This research, thus adds some much-needed conceptual support to this 
area of endeavour by exploring historical precedents,55 defining components and 
typological approaches56 as well as detailing a model’s construction.57 
3.1 Historical usage 
The first known use of the-term carrying capacity occurred in 1845 in a report by the 
U.S. Secretary of State declaring that a new tax would differentiate between cargos 
                                                 
50 D. H. Meadows, J. Randers, and D. L. Meadows, Limits to Growth: The 30-Year Update (Vermont: 
Chelsea Green Publishing, 2004)., 137 
51 D. H. Meadows et al., The Limits of Growth. A Report for the Club of Rome's Project on the 
Predicament of Mankind (London: Pan, 1972). 
52 See Chapter 5.4.2 National. 
53 See Chapter 4.1 Avoidance of carrying capacity constraints. 
54 According to Cohen: “The Earth’s capacity to support people is determined partly by processes that 
the human and natural sciences have yet to understand.” Joel Cohen, How Many People Can the Earth 
Support? (New York: W. W. Norton, 1995)., 11 
55 See Chapters 3.1 Historic usage and 4. Historic reactions to carrying capacity constraints. 
56 See Chapters 6. Carrying capacity assessment model types, 7. Carrying capacity model components. 
57 See Chapters 8, 9 and 10. 
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transported on sailing- and steam-boats because of their differing carrying 
capacities.58 While probably initially used just as two discrete words to best describe 
a ship’s maximum payload, the term carrying capacity subsequently gained its own 
unique meaning through increasingly frequent use. Firstly applied to just ships, then 
to other modes of transport such as trains, the term began to take on a broader 
meaning by the late 1800s. Sayre59 explains that eventually, “the term shed its 
connection to the levying of duties” and, “refers to the amount of X that Y was 
designed to carry.” 
Initially the “Y” in Sayre’s equation referred predominantly to man-made vessels 
but 1886 marks the first known occasion for its application to a landscape where 
reference was made to the “stock-carrying capacity of the country.”60 While it can be 
assumed that pastoralists may have commonly had a reasonable idea of how many 
animals their land might potentially carry, the term became bureaucratically 
entrenched in the U.S. at a time of agricultural expansion in the late 1800s. 
Clements61 argues that quantitative carrying capacity estimates, assigned to new 
farming allotments, more easily allowed government to compare and regulate new 
lands and bankers to more readily capitalise the process. The use of the term carrying 
capacity in relation to the density of livestock on a given piece of land is still 
prevalent today. 62 
Once the quantification of maximum livestock numbers was entrenched in 
farming practice and regulatory structures, it became evident that the concept could 
equally be applied to native wildlife and by the 1920s, game managers began 
estimating the number of deer, quail and other game species natural environments 
might support.63 Aldo Leopold, for example, advocated a greater awareness of the 
factors influencing carrying capacity in his 1933 publication, Game Management,64 
and in so doing, heavily influenced wildlife managers for generations to come.65 
Consequently, Sayre66 argues that carrying capacity approaches to wildlife planning 
                                                 
58 Nathan F. Sayre, "The Genesis, History, and Limits of Carrying Capacity," Annals of the 
Association of American Geographers 98, no. 1 (2008)., 122 
59 Ibid., 123 
60 Thomson as per Sayre (Ibid., 124), describing the effect of a rabbit plague on the carrying capacity 
of New Zealand pastures 
61 as per Ibid., 124 
62 C McLaren, "Dry Sheep Equivalent for Comparing Different Classes of Livestock," in Agriculture 
notes (Melbourne: Department of Primary Industries, Victoria, 1997)., 1 
63 Sayre, "The Genesis, History, and Limits of Carrying Capacity.", 124 
64 A. Leopold, Game Management (Madison: University of Wisconsin Press, 1933). 
65 Sayre, "The Genesis, History, and Limits of Carrying Capacity.", 125 
66 Ibid., 126 
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in the twentieth century were responsible for positive outcomes, such as the 
stabilisation of numbers and distribution of species, but also for ongoing problems 
such as compromising genetic diversity and ecosystem function through the 
manipulation of otherwise natural processes. 
By the 1940s attention turned to the possibility that carrying capacity could also 
be applied to human populations and Leopold, again, was at the vanguard. For 
example, in 1941 he compared the human carrying capacity of America to pre-
colonisation levels for indigenous Americans, concluding that, “[w]hen we arrived 
on the scene we raised the carrying capacity of the land for man by means of tools.”67 
In 1949, William Allan actually performed a carrying capacity analysis of swidden 
agriculture traditionally practised by the people of Northern Rhodesia in Africa.68 
According to Cohen,69 there were various previous carrying capacity calculations 
world-wide prior to this time, but none that defined the process as a carrying capacity 
assessment. Allen70 utilised three types of data to derive “a method of estimating land 
carrying capacities for human populations under African conditions and systems of 
land usage,” and estimated population carrying capacities for various regions with an 
average of eight people per square mile.71 
3.2 Carrying capacity definition 
While the application of carrying capacity analysis has differed throughout history, 
essentially the concept remains unchanged. Kirchner et al.,72 suggest that carrying 
capacity analysis, applied to wildlife, aims to, “express the capacity of natural areas 
(ecosystems) to support animal life.” Similarly, when applying the concept to the 
measurement of human carrying capacity, areas of land are assessed for the extent to 
which they can support human life. For example, a carrying capacity estimate may 
suggest that a particular piece of land might support say, 1000 people. In this 
example, the answer to the carrying capacity equation is relatively simple - 1000 
people - but the complexity lies in the assumptions underpinning the estimation. 
Consequently, variations in the definition of carrying capacity tend to differ in their 
                                                 
67 A. Leopold, S. L. Flader, and J. B. Callicott, The River of the Mother of God: And Other Essays by 
Aldo Leopold (University of Wisconsin Press, [1941] 1992)., 282 
68 B.L., "Studies in African Land Usage in Northern Rhodesia. William Allan," African Affairs 49, no. 
194 (1950). 
69 Cohen, How Many People Can the Earth Support?, 402 
70 As per Sayre, "The Genesis, History, and Limits of Carrying Capacity.", 126 
71 W. Allan, The African Husbandman (Munster: Lit Verlag, 1965)., 132 
72 As per Cohen, How Many People Can the Earth Support?, 420 
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exploration of what these inherent constraints entail.73 For instance, House and 
Williams74 define the concept as, “the level of human activity that a region can 
sustain at acceptable quality of life levels,” inferring a bias towards qualitative 
societal constraints. Alternately, Whittaker and Likens75 take a more ecologically 
quantitative view of carrying capacity in describing it as, “the size of the human 
population that can be supported on a long-term, steady-state basis by the world’s 
resources without detriment to the biosphere.” 
Even though most carrying capacity definitions infer a process for the 
measurement of causal relationships between a population and its landscape, many 
only do so from an abstract perspective without the inclusion of summative 
calculations. Hopfenberg76 states that, “[a]lthough models for human carrying 
capacity exist, they are typically tied to theoretical constructs rather than biologic 
data,” urging proponents to transition from, “the theoretically derived carrying 
capacity to an identifiable and quantifiable one.” 77 In short, qualitative carrying 
capacity analysis tends to examine population dynamics without ascertaining any 
actual numerical result while quantitative assessments add calculation to the theory. 
As such, a qualitative definition of human carrying capacity may be - the ability of a 
certain area of land to support human life, while a more quantitatively orientated 
description may be - the maximum number of people that an area of land can 
support. Quantitative carrying capacity assessment is the primary focus of this 
research. 
3.3 Population dynamics formulae 
The application of mathematics to the prediction of population dynamics has 
challenged demographers for at least two hundred years. Various proponents have 
developed formulae for both the calculation of population growth as well as the 
potential limits to such growth. While these formulae on their own have not always 
been able to accurately predict human carrying capacity limits, in many cases they 
                                                 
73 The validity of various constraints to carrying capacity is explored further in Chapter 7.5. 
74 Peter W. House and Edward R. Williams, The Carrying Capacity of a Nation: Growth and the 
Quality of Life (Lexington, Mass.: Lexington Books, 1975)., 55 
75 R. H. Whittaker and G. E. Likens, "The Biosphere of Man," in Primary Productivity of the 
Biosphere, ed. H. Lieth and R. H. Whittaker (New York: Springer-Verlag, 1975)., 314 
76 Russell Hopfenberg, "Human Carrying Capacity Is Determined by Food Availability," Population 
& Environment 25, no. 2 (2003)., 109 
77 Ibid., 111 
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have contributed to the development of more complex carrying capacity models.78 
Consequently, they have often been theoretic in nature, rather than having direct 
applicability to a particular landscape. 
One of the earliest known equations relating to population dynamics was Thomas 
Malthus’ exponential growth theory of 1798. According to Malthus,79 “[p]opulation, 
when unchecked, increases in a geometric ratio,” while its means of subsistence, 
namely its food supply, increases only in a linear or arithmetic manner. The 
exponential growth formula is relatively simple and can be given as; 
P(t) = Po e
rt, 
where P(t) is the population at a point in time, Po is the initial population, e is the 
base of natural logarithms (2.718...), r is the growth rate and t is time. This formula 
generates a j-shaped curve with population reaching to infinity (Figure 2a). However, 
according to Malthus, this infinite growth is inevitably halted by the inability of food 
production to keep up with the population’s exponential expansion (Figure 2b). 
 
Figure 2a. Malthusian exponential growth curve showing how the population increases infinitely. 
Figure 2b. Malthus’ exponential population growth curve limited by the linearly increasing food 
supply. 
The assumed carrying capacity is the point at which the population projection intersects with the food 
supply projection. The carrying capacity is assumed in this instance because Malthus did not refer to 
it as carrying capacity. 
Malthus’ theories have been largely derided for over 200 years, mainly due to the 
fact that his most dire predictions have not yet come to pass. However, many authors 
                                                 
78 This chapter only looks at population equations. Examination of more complex carrying capacity 
models can be found in chapter 6. 
79 Malthus, Population: The First Essay., 7 
  Figure 2a.      Figure 2b. 
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such as physicist Albert Bartlett,80 still warn of exponential population growth, 
stating, “[t]he greatest shortcoming of the human race is our inability to understand 
the exponential function.” The main objection that Malthus’ detractors level against 
his population theory involves the implausible nature of both linear agricultural 
growth and never-ending exponential population growth. Ginzburg and Colyvan81 
explain that the exponential formula, while theoretically correct, rarely reflects actual 
circumstances, describing the approach as the, “default situation for populations - 
how they behave in the absence of any disturbing factors,” even though most 
environmental conditions are replete with disturbing factors. Despite ample evidence 
suggesting that human populations have sometimes experienced periods of increasing 
exponential growth, the smooth curve that Malthus’ equation generates, rarely reflects 
the broader historic outcome. For instance, even though the 1800-year period leading 
up to Malthus’ era displays a strong correlation to his exponential growth curve, there 
is still a degree of fluctuation in the growth rate (Figure 3a). In an analogy with 
financial accounting, Coutts82 points out that the population curve generally follows a 
variable rate of compound growth rather than a smooth fixed compound rate. This 
variability of the growth rate, visible in an examination of the last 200 year period 
(Figure 3b), can be attributed not only to environmental irregularity but also, as 
Hussen83 argues, to institutional and technological intervention in the population 
dynamic. He states, “[t]here are social and economic factors that induce humans to 
check their own population growth under adverse conditions”, which “make the 
Malthusian margin a moving target.”84 Ultimately, criticism of Malthus on the 
impossibility of uninterrupted exponential population growth is most likely 
unfounded because Malthus85 himself agrees that this formula is to be considered 
more as a theoretic foundation than a practical reality, stating that, “in no state that we 
have yet known has the power of population been left to exert itself with perfect 
freedom.” 
                                                 
80 Albert Bartlett, "Al Bartlett, Professor Emeritus Physics,"  http://www.albartlett.org/. 
81 L. R. Ginzburg and M. Colyvan, Ecological Orbits: How Planets Move and Populations Grow 
(New York: Oxford University Press, 2004)., 7 
82 David A. Coutts, "Reverend Thomas Robert Malthus - an Exponentialist View,"  
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83 A. M. Hussen, Principles of Environmental Economics (London: Routledge, 2004)., 203 
84 Ibid., 203 
85 Malthus, Population: The First Essay., 7 
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Figure 3a. Global population numbers from 1AD to 180086 showing occasional falls, but overall 
growth. 
Figure 3b. Global annual population growth rate since 1800,87 showing a variable growth trend. 
The second criticism of Malthus’ work is the suggestion that food production need 
not grow in a linear fashion. Lomborg,88 for example, points out that, “the quantity of 
food seldom grows linearly. In actual fact, the world’s agricultural production has 
more than doubled since 1961.” Coutts89 supports such criticism, stating that 
Malthus’ position of first proposing a universal law of exponential population growth 
but then effectively arguing against it by suggesting, “that food (which grows in 
populations!) grows arithmetically is logically contradictory.” Kendall and 
Pimentel,90 on the other hand, provide evidence to support Malthus’ assertions, 
stating that between 1950 and 1984, “[w]orld grain output expanded by a factor of 
2.6… increasing linearly, within the fluctuations.” Invoking a Malthusian disaster, 
Kendall and Pimentel continue, “[r]ising growth of population,… and a linearly 
increasing food production have persisted over the recent 40 years,” thus potentially 
leading to “great human suffering.” Comparing these authors’ views, Coutts is at 
least clear about Malthus’ theorem, while it is evident that Lomborg is not. 
According to Malthus, the difference between population and food production was 
not their potential for growth, but the rate at which that growth might potentially 
occur. He argued that the rate of growth may increase in populations but remains 
                                                 
86 Graph derived from Cohen’s summary of global population estimates. Cohen, How Many People 
Can the Earth Support?, 400 
87 U.S. Census Bureau, "U.S. Census Bureau,"  (Washington DC: U.S. Department of Commerce, 
2012). 
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89 David A. Coutts, "Couttsian Growth Model," Academic Publishing Wiki, 
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90 Henry W. Kendall and David Pimentel, "Constraints on the Expansion of the Global Food Supply," 
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relatively steady with food. Hence, Lomborg’s assertion that a doubling of food 
production since 1961 disproves linear growth is clearly unfounded. This statement 
merely proves that food production grew, but does not explain whether the growth 
was constant (linear) or increasing (exponential).  On the other hand, Kendall and 
Pimentel’s observations of one instance of linear food growth and Coutts’ assertion 
that the growth rate of food production may be variable (sometimes constant, 
sometimes increasing dependent on timeframes and external circumstances) rather 
than fixed doesn’t actually prove or disprove whether population growth is likely to 
ever outstrip food production. 
Thus, it seems that Malthus’ theories for exponential population growth and linear 
food production growth are both highly conditional on the timeframe, societal 
influences and location to which they are applied. Malthusian predictions of 
premature death visiting the human race91 have opened his theories to much criticism 
but his warnings that infinite population growth will ultimately be limited by the 
finite nature of its means of subsistence, or in other words, its carrying capacity, 
seem as pertinent today as they were in 1798. 
Even though Malthus wrote of food constraints to population growth, his 
exponential population equation failed to actually incorporate it. However, four years 
after Malthus’ death, in 1838, Belgian mathematician, Pierre-Francois Verhulst 
developed a theorem that began to incorporate these limits, in the form of the logistic 
curve, stated as;92 
dN/dt = rN (K - N)/K, 
where N is the population size, r is the rate of population growth, K is the carrying 
capacity and dN/dt is the rate of population increase. This formula, when graphed 
(Figure 4), takes on a characteristic S-shaped sigmoid curve, beginning with 
exponential growth at low densities, but transitioning to a tapering off at higher 
densities, “as resources become insufficient to sustain continued population 
growth.”93 
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Figure 4. Verhulstian logistic growth curve illustrating eventual levelling-off of populations at a 
carrying capacity limit. 
Even though the logistic equation may be instructive of theoretical population 
dynamics, in criticism analogous to that of Malthus, Fearnside94 suggests that, 
applying it to human carrying capacity assessment oversimplifies the complexity 
inherent in societal interactions. Price95 also doubts the usefulness of the logistic 
equation in predictions of human population dynamics, finding fault in the premise 
that environmental conditions might exert unchanging constraints on a population as 
well as the assumption that populations grow until automatically stabilising at a 
carrying capacity limit. He points out that even in non-human populations, these 
aspects rarely hold true, stating, “seldom if ever does a natural population rise 
sharply and then stabilize in the form of sigmoid curve.”96 There is some evidence 
however, to suggest that population growth over the last hundred years has followed 
a sigmoid curve pattern (Figure 5), with the growth rate initially rising gradually, 
accelerating after about 1950 and then starting to decline over the last twenty years. 
Whether this pattern will continue to follow the logistic curve remains to be seen, but 
the United Nations97 does make predictions to this effect. 
                                                 
94 Ibid., 70 
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Figure 5. The United Nations98 record of global population growth over the last 100 years and their 
estimate (median fertility variant) for the next 90 years suggests a logistic growth pattern. 
The aspect most clearly lacking from nineteenth century authors Malthus and 
Verhulst’s formulas is the effect of societal behaviour on population dynamics. 
Subsequent dramatic changes in science and technology in the intervening 200 years 
has only served to exaggerate this omission. 
A more recent population equation which attempts to address the societal 
influences of population dynamics was devised by Ehrlich and Holdren in the early 
1970s. In 1971 they initially proposed the equation; 
I = PF, 
where I is impact, P is population and F is a function measuring per capita 
impact.99 In order to realign this formula to carrying capacity imperatives, it could 
also be given as a population projection; 
P = I / F, 
where population is equal to its total environmental impacts divided by the impacts 
per person. Ehrlich and Holdren subsequently expanded on the F in this equation to 
also include affluence (A) and technology (T) in order to highlight that environmental 
impacts are not only influenced by the population’s size but also by its consumption 
patterns (represented by A and T) shown as;100 
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I=PAT (or simply referred to as IPAT). 
In this formula, affluence is defined by economic activity per person and technology 
as the environmental impact per unit of economic activity. It is perhaps not 
immediately obvious why technology is an apt description of environmental impact per 
economic activity, but Dietz and Rosa101 suggest that it roughly represents the efficient 
utilisation of resources available to the population. In other words, the T component is 
“determined by the technology used for the production of goods and services and by 
the social organization and culture that determine how the technology is mobilized.” 
An alternate population-focused form of the IPAT formula would become; 
P = I / (AT), 
suggesting that population size has a direct correlation with impacts and an inverse 
relationship to affluence and technology. In this alternate equation, if P is considered 
to be the maximum allowable population then it could also be thought of as the 
carrying capacity. Consequently, the equation shows that as acceptable impacts 
grow, so does the carrying capacity, but as personal consumption grows, carrying 
capacity falls. In other words, if a population wishes to grow, then it needs to accept 
either greater environmental impacts and/or a reduction in its per capita 
consumption.102  
While this rearrangement of Ehrlich and Holdren’s equation serves to illustrate its 
potential in calculating carrying capacities, in reality, a method for assigning numeric 
values to the impacts, affluence and technology components would have to first be 
derived. Schulze103 points out that, “[t]he equation is not intended as a formal 
mathematical model, but rather as a conceptual framework.” In order to transform 
this conceptual equation into a comprehensive quantitative one, modes of impact 
such as habitat destruction, pollution levels, climate change and other measures of 
environmental damage would need to be pursued; affluence would need to be further 
defined by elements such as economic performance and consumption of goods and 
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services; and various facets of technological usage would also need to be validated 
and quantified. 
While a comprehensive approach to the IPAT equation is yet to be developed, 
there is evidence of some progress. For example, Dietz and Rosa104 developed a 
method of assessing societal carbon dioxide impacts based on Ehrlich and Holdren’s 
work. They state, “[a]lthough there have been attempts to assess the validity of the 
[IPAT] model, they have typically relied on qualitative assessments, field study 
demonstrations, or projections rather than on an assessment of the model’s overall fit 
to an appropriate data base. This was our main task.”105 Dietz and Rosa redefined the 
components of the model to suit their own focus, with environmental impacts 
reflecting only industrial CO2 emissions, GDP representing affluence, and population 
data utilised on a national scale. In a further alternate version of the IPAT formula, 
Dietz and Rosa rearranged it in order to derive the technology index. So their formula 
reads,  
T = I / (PA). 
The application of the IPAT formula proved useful for Dietz and Rosa in determining 
correlations between populations, economic growth and environmental impacts. They 
found that a population’s size is roughly proportional to its impacts but that “when 
affluence approaches about $10,000 in GDP, CO2 emissions tend to fall below a strict 
proportionality.”106 However, given that the authors did not expect economic growth to 
rise to this level in most nations for two or three decades, they deduced that “[e]conomic 
growth in itself does not offer a solution to environmental problems.”107 
While theoretically instructive, the exponential, logistic and IPAT formulae have 
not yet facilitated the accurate assessment of human carrying capacity. However, 
more quantitative approaches do exist and according to Sayre,108 the earliest known 
carrying capacity assessment performed under that name, was conducted in Africa by 
William Allan109 in 1949. Although he didn’t pioneer the particular food-based 
approach employed, he was amongst the first to clearly articulate the method. Firstly, 
Allan estimated the agricultural yield of regionally grown staple crops (Y) and this 
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was then divided by the average amount of food required per person (F). Then, 
drawing on existing ecological survey data of regional soil and vegetation types, he 
calculated the amount of land available for growing staple crops (L) and divided this 
total land by the amount of land required per person. So, in summary, the formula 
reads, carrying capacity is equal to the area of land available for food production; 
divided by the food required per person, divided by the area required per food, or: 
K = L / (F / Y). 
In its simplest form, the equation is merely the total area of land (L) divided by the 
area of land required per person (A): 
K = L / A. 
In this form, the carrying capacity equation mirrors Ehrlich and Holdren’s original 
formula (P = I / F)110, except that land area is substituted for impacts. Consequently, 
Allen’s formula can be seen as a resource-based approach111 focussing only on the 
constraint of food production and consumption, while the IPAT formula is an 
environmental impacts-based method.112 
While the formula developed by Ehrlich and Holdren predominantly serves to 
highlight societal trends, Allan’s resource-based approach actually generates a 
quantitative carrying capacity result. Allen’s simple method only makes estimates of 
basic food production and consumption requirements for a small population. 
However, his method has subsequently been refined and developed by other carrying 
capacity proponents such as Fairlie113 and Peters et al.114 who added further detail to 
the equation relating to production techniques, resource demands beyond just food, 
land-use variables and consumption choices. This additional level of complexity 
allows more recent carrying capacity assessment approaches to be categorised as 
models rather than just formulae.115 
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4. Historic reactions to carrying capacity constraints 
Analysing historic events in the absence of contemporaneous documentation 
inevitably involves a great deal of anthropological deduction. However, there is 
much evidence to suggest that the human race, like all other species, has engaged in a 
struggle between population-based needs and environmental limits since its very 
earliest beginnings. There have been some periods of relative population stability, 
some periods where societies have ignored the productive capacity of their landscape 
and collapsed (Figure 6), and other times when carrying capacity limits have actually 
been extended through technological change. However, throughout this entire history 
of human development, there was only one type of societal system that has managed 
to endure for lengthy periods of time with good health and steady population 
numbers: the civilisations that managed to both assess and maintain their 
population116 at or below the carrying capacity of their productive environment.117 
4.1 Avoidance of carrying capacity constraints 
Most long-lived species enact mechanisms to limit their populations at or below a 
boom and bust cycle.118 Wilkinson119 points out that, “[n]atural populations tend to 
establish themselves in an ecological equilibrium situation. Rather than 
overexploiting their resources, they build up a pattern and a rate of resource use 
which the environment can sustain indefinitely.” The human species, on the other 
hand, has historically struggled to achieve this ecological equilibrium with the global 
population generally increasing for at least the last 12,000 years (Figure 6) from 
about four million people in 10,000BC to seven billion now. 120 The story of that time 
can be described as one of expansion - geographically, economically and 
technologically; as various societal systems reached their natural limits, triggering 
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the adoption of new systems, from hunter-gathering to swiddening121 to modern 
agriculture. As Mazoyer et al.122 explain, the history of food production can be 
described as one agricultural revolution after another. 
 
Figure 6. Global population (solid line) from 10000BC to 2000AD, showing exponential growth over 
the last 2,000 years. Not only has the population grown but the growth rate has also generally grown 
over this period (dotted line).123 
Anthropologists, in earlier decades, were reticent to acknowledge any possible 
decline in societal well-being in the transition from hunter-gathering to agriculture 
which began about 10,000 years ago.124 As a profession, anthropology developed in 
tandem with European global expansion and reflected many of the era’s prejudices, 
firmly reinforcing popular ideas of European superiority.125 The position of economic 
and political dominance of the colonising nations over the colonised, only served to 
reinforce a sense of inevitable progress from so-called savagery to civilisation. As 
Charles Darwin126 sums up, there was a firm expectation that in the future, “the 
civilised races of man will almost certainly exterminate and replace the savage 
races.” While such prejudiced views are rarely publicly aired today, the evolutionary 
ideal persists whereby modern technological society is placed in higher regard than 
the hunter-gather lifestyles of the past. In relation to population dynamics, it is also 
generally accepted that the ongoing technological advancement from hunter-
gathering to modern-times has allowed, if not necessitated, the ongoing expansion of 
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the global population. The commonly accepted narrative is thus;127 the depravity and 
arduous nature of the hunter-gatherer lifestyle led to the impetus towards 
technological advancement which in turn brought on societal and demographic 
expansion.  
It was not until the 1970s that an alternate view to western cultural superiority 
gained widespread academic support. In 1973 sociologist Richard Wilkinson 
published Poverty and Progress128 and then in 1977, anthropologist Mark Cohen 
produced The Food Crisis in Prehistory,129 both inverting previous misconceptions 
that hunter-gatherer societies were in a continual state of depravity.  For example, 
Wilkinson130 refutes the notion that primitive societies were, “scarcely able to scrape 
up a bare minimum of subsistence, with large families, children suffering from 
malnutrition, and a low life expectancy.” He explains that even though this may be 
the apparent condition in parts of the underdeveloped world today, it is a relatively 
recent phenomenon brought on by the imposition of, “alien values and practices” 131 
and the abandonment of customs that traditionally helped to prevent overpopulation. 
If this is indeed the case and life was entirely satisfactory for early hunter-gatherers, 
the question must be asked: Why did most societies abandon that lifestyle for 
agricultural pursuits? Cohen132 argues that population pressure was to blame. Rather 
than technological advancement leading to population pressure, he states that over-
population came first and technological revolution was to follow, a reversal of the 
consensus of his contemporaries.  
Prior to about 10,000 years ago, the only societal configuration known to 
humanity was hunter-gathering, which had existed since our species began, some 
50,000 to 200,000 years earlier.133 Given that ancient hunter-gatherers left few traces 
of their existence, most anthropological studies of hunter-gathering lifestyles has 
centred on the few existing examples of the modern age. There are now no such 
societies left unaffected by modern technological intervention, but a range of studies 
of relatively unaffected populations over the last hundred years has sketched a 
picture not only of the recent past but also of likely ancient beginnings. A hunter-
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gatherer system is one in which most of the population’s food is taken from wild 
animals and plants, often with men doing the hunting and women, the gathering. It is 
typified by a high degree of seasonal mobility, with the availability of local resources 
dictating relocation.134 Hunter-gatherer societies also tended to be relatively 
egalitarian with non-hierarchical societal structures. While Cohen warns of reverting 
to an over-simplistic or romantic notion of a sometimes brutal hunter-gatherer 
existence,135 he nonetheless argues that compared to subsequent agriculturalists, their 
nutrition and caloric intake was better, there was less interpersonal violence, less 
societal inequity, less disease and more leisure time plus they were less 
environmentally destructive.136 Dilworth describes the early period of hunter-
gathering as a high point in relative human affluence, saying, “we never had it so 
good before, and we’ve never had it as good since.”  
In arguing that population pressure was the main driver towards agriculture, 
Cohen has experienced some criticism. For example, Baumhoff137 highlights the 
prevalence in anthropological literature of the argument that changes in climate were 
responsible for the alteration in behaviour from hunter-gathering to sedentary 
lifestyles. Other authors such as Richerson138 contend that the comparative health 
differences between hunter gatherers and agriculturalists may be overstated by 
Cohen. Additionally, Hayden139 argues that the relatively rapid adoption of 
agriculture worldwide points more toward pull factors (i.e. an attraction towards the 
benefits of agriculture) rather than push factors (i.e. escaping population pressure). 
Cohen does not necessarily disagree with all of these criticisms, but rather, 
acknowledges their existence within the broader framework of a carrying capacity-
led impetus towards agricultural practices.140 The complex nature of societal 
evolution is thus not likely to be contained to only one causal factor, but Cohen’s 
argument that population pressure played the key role in this drama is compelling. 
He states that such widespread common events as the transition from hunter-
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gathering to agriculture requires relatively simple common core events and causes.141 
Carrying capacity induced population pressure is thus given as the most logical 
reason. 
Even though the global population growth rate was relatively low by modern 
standards, in about 8,000BC, it was sufficient in localised regions to begin triggering 
the agricultural revolution. Brown142 explains that, “[b]y the time of the transition to 
agriculture, Man inhabited every continent of Earth, except Antarctica,” and this 
worldwide migration from Africa was caused by, “pressure generated by a 
population that was slowly but inexorably growing,” and exacerbated by sea level 
rises reducing previously occupied land. Dilworth143 concurs that the transition from 
hunter-gathering to horticulture occurred when the, “rate of food extraction came to 
exceed the carrying capacity of the environment.” According to Cohen,144 once a 
society reaches a point of carrying capacity crisis, in order to maintain the higher 
population, there are four ways (Table 1)  in which ameliorative action can be 
employed in order to obtain more food. Firstly, new territory can be exploited, 
suggesting increased migration or increased importation of resources, but by the start 
of the agrarian revolution, it seems that most territory suitable for hunter-gathering 
was already occupied. Second, people can exploit existing territory more extensively, 
thereby extending their normal diet. There is evidence that this strategy was also 
employed prior to agriculture, with the adoption of foods that were previously 
considered, “unacceptable, uneconomical to obtain, or difficult to prepare.”145 For 
example, by this time, most of the world’s megafauna had been hunted to 
extinction,146 necessitating a higher proportion of vegetables and seeds in the diet. 
Smith147 concurs that “hunting effort was directed at smaller, less vulnerable game 
which produced a relatively meager existence and was eventually replaced by an 
agricultural technology in which subsistence depended on crops.” Cohen’s third 
strategy, which he also suggests occurred prior to the agrarian revolution, involves 
adjusting to seasonal availability of food supplies by way of food storage techniques 
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such as drying and gathering less biodegradable foods such as seeds. The final 
strategy in the avoidance of carrying capacity overshoot is to increase the 
productivity of the landscape. This approach, eventually adopted by people from all 
continents apart from Australia and Antarctica, formed the basis of the agricultural 
revolution. 
Table 1. Historic strategies in avoiding carrying capacity overshoot (according to Cohen148). 
 
 
1. Migration of population (or importation of resources) 
2. Increase extensive use of landscape 
3. Storage of surpluses 
4. Increase intensive use of landscape 
 
Prior to the release of Cohen’s influential writings on the subject, prehistorians 
largely held the view that agriculture was merely a resourceful invention that 
attracted hunter-gatherers for its economic benefits and spread from its hearth in the 
Middle East to the rest of the world.149 However, this argument can be discounted on 
the basis that hunter-gathers were well aware of agricultural techniques but 
previously chose not to employ them because they involved more work than hunting 
and gathering.150 Additionally, agriculture actually arrived in disconnected locations 
at similar times rather than spreading from just one central core. For instance 
Mazoyer et al.151 have identified six origins of agricultural revolution including the 
Middle East, New Guinea, Northern China and Central, Southern and Northern 
America. The temporally and geographically widespread nature of the agricultural 
revolution suggests that the pressure exerted by carrying capacity constraints was not 
a one-off event, but rather, is occurred in various localised places before eventually 
spreading to most of the world.152  
The adoption of an agricultural system of food production greatly increased the 
resource-base of each region, consequently increasing its carrying capacity. Brown153 
postulates that the maximum possible carrying capacity under a hunter-gather system 
is about 0.4 people per km2, while the earliest forms of agriculture such as 
swiddening could accommodate about 30 people per km2. Given this dramatic 
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change in resource availability, it is not surprising that the general trend in each 
newly transformed agrarian society was to increase the size of the population in 
accord with the new carrying capacity of its landscape.154 Cultural transformation that 
accompanied the agricultural revolution, also actively facilitated further population 
increase. For instance, a more family-based societal structure combined with the 
labour-intensive nature of farm work meant that larger families offered economic 
incentives through increased farm labourers.155 Sussman and Hall156 also suggest that 
some of the population checks became weakened particularly in relation to the 
spacing of children. While hunter-gatherers might have averaged between two and 
three adult children per woman, this was increased to between three and four with the 
advent of agriculture. Additionally, Cohen157 argues that the greater economic and 
political power of each successively larger and more technologically complex 
societal structure has led to a domination and displacement of the smaller 
populations over time. Dilworth158 concurs, suggesting that the pattern that emerged 
in the transition from hunter-gathering to agriculture has historically reoccurred, 
creating a vicious circle of increasing population and ever-worsening environmental 
degradation.  
In applying Dilworth’s vicious circle principle to carrying capacity theory, this 
concept could be expressed as the carrying capacity receding horizon principle159 
and described as follows: 
As a society approaches the carrying capacity of its productive landscape, it will try 
to extend the carrying capacity, first with easier adaptive measures, then with more 
systemic cultural and (if available) technological change. If this change facilitates a 
larger population-base, then previous population checks are eased until the 
population again exerts pressure on its productive landscape. If further adaptive 
change is possible, then carrying capacity limits are further extended and the cycle 
repeats itself with an ever-growing population and an ever-receding carrying 
capacity horizon. 
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The first cycle of the carrying capacity receding horizon principle began about 
10,000 years ago with widespread adoption of the first forms of agriculture, but 
subsequent cycles have also re-occurred. Boserup160 describes this process as a form 
of economic regression rather than advancement because each turn of the cycle 
requires a greater investment of labour from a majority of the population. She 
suggests that such cultural change is only likely to be adopted by a population in 
crisis rather than willingly embraced. For example,161 she explains that once 
population pressure was applied to swidden agriculture, the customary fallow periods 
of twenty years or more were reduced and the length of time of cultivation in any one 
area extended. This, in turn, led to lower fertility, increased weeds, and harder soil. 
In the movement from swidden agriculture to irrigation and plough-based 
approaches, ample evidence of environmental degradation suggests that carrying 
capacity constraints were at play. For instance, Mazoyer et al.162 explain that 
subsequent to the swiddening epoch, “population growth led to deforestation and 
even, in some cases, the desertification in most of the originally forested regions… 
[giving] way to numerous post-forest agrarian systems, differentiated according to 
climate.” According to Boserup163, the widespread reaction to a widening gap 
between population demand and agricultural supply was the addition of fertiliser, 
increased weeding and intensified cultivation. Each of these tasks required more 
labour and also new technologies such as the replacement of digging sticks with hoes 
but did manage to increased localised carrying capacity. However, in the event that 
population pressure reinstated itself, still further innovations were implemented such 
as the reduction of fallow periods to permanently cleared fields, and the adoption of 
tools suitable for field cultivation such as the plough, together with the complex 
management of livestock, manure and irrigation. According to Boserup164 each of 
these step-changes demanded a greater investment of agricultural labour so were 
only accepted incrementally and with much reluctance. Nevertheless, from an 
historic point of view, these step-changes constituted a succession of dramatic 
agricultural revolutions. 
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Mazoyer et al.165 document the impacts of successive technologies on global 
population, highlighting a new wave of growth with each subsequent revolution. 
These include the introduction of hydrological technologies after about 5000BC, the 
refinement of ploughing and fallowing techniques during the Middle Ages,166 as well 
as modern mechanised innovations culminating in the Industrial Revolution. It is 
important to note, however, that their diagram (Figure 7) offers only a rough 
estimation of these global trends; neither capturing the wide variety of agricultural 
responses to localised conditions, nor its irregular timing. For instance, the 
agricultural revolution first evolved into two principle forms, swidden cultivation in 
temperate and tropical forest areas, and pastoral animal breeding in grassy 
savannahs.167 Additionally, the Industrial and Middle Ages agricultural revolutions 
were largely confined to Europe, while hydro-agricultural innovation occurred 
almost globally. Consequently, the carrying capacity receding horizon principle 
plays out in different ways depending on the climatic and physical characteristics of 
the regional landscape as well as local cultural variation.  
 
Figure 7. The history of global population growth is one of a series of revolutions, each precipitating 
further population increases (based on similar graph by Mazoyer et al.168). 
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While, the potential exists for the carrying capacity receding horizon principle to 
always be in play, technological change may occasionally also be influenced by 
factors other than population pressure such as the most recent agricultural 
innovation, the Green Revolution after World War II. In this case, technological 
advancement, aided by the use of fossil fuel energy, actually reduced, rather than 
enhanced, labour demands on farmers, thus creating an alternate economic incentive.  
The carrying capacity receding horizon principle may also play out in a 
population through secondary processes, rather than merely as a direct response to 
crisis. For instance, according to Wrigley,169 one of the most significant impacts of 
the Industrial Revolution on English resource usage was the freeing up of land for 
agriculture in the substitution of inorganic for organic sources of supply. For 
example, the replacement of coal for firewood meant that woodlots could be 
converted to agriculture. Likewise, the adoption of mechanised transport led to the 
freeing up of large areas of land previously utilised for the grazing of horses. 
Wilkinson,170 points out that in 1800, more than five million acres of English pasture 
was required to feed the 1,350,000 registered horses. While population pressure may 
not have solely contributed to the onset of the Industrial Revolution, it is certainly 
attributed as a secondary driver. Wilkinson171 explains that the Industrial Revolution 
“was a response to the increasing problems encountered in providing subsistence 
through the established economic system. As new methods were implemented and 
industrial production grew, the old subsistence problems were gradually solved, or 
were at least alleviated. But the development of industrial production imposed a 
completely new way of life on the population and placed them in a drastically altered 
physical and social environment.”  
It is also important to note that population pressure will not always invoke 
technological development if the society or landscape is not actually capable of such 
a change. For example, Mazoyer et al.172 point out that over-population evident in 
fourteenth century Europe did not precipitate technological transformation, but rather 
resulted in, “ecological disequilibrium, famine, disease, and death.” 
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The population of France over the last thousand years serves to illustrate two 
possible responses to a systemic carrying capacity crisis (Figure 8) and is largely 
representative of other European countries during this period. At about the year 
1300, after a period of population expansion led by agricultural advancement, the 
French population reached a point of carrying capacity crisis. Food shortages 
precipitated famine, and a systemic crisis lead to systemic collapse leaving the 
population more susceptible to disease and driven to conflict. In this example, the 
population was obviously unable to enact the carrying capacity receding horizon 
principle and according to Mazoyer et al.,173 in a period of 150 years, the French 
population fell by more than half. However, by the 1600s, the population numbers 
had recovered to levels comparable to those of 300 years prior and a series of 
famines and shortages again signalled a carrying capacity crisis. However, this time, 
the industrial revolution meant that systemic revolution rather than systemic collapse 
ensued and the population was able to again expand according to the carrying 
capacity receding horizon principle. 
 
Figure 8. Population fluctuations in France (within its current borders) from 1000 to 2010 showing 
crisis and collapse during the 14th century and crisis and revolution during the 17th and 18th 
centuries.174 
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While the advent of industrialised production averted crisis in the 17th century, the 
French and European experience of systemic collapse 400 years earlier illustrates 
that an extension of a population’s carrying capacity is not necessarily the only 
outcome of a population crisis. Rather, once a population finds itself under-supplied 
in essential resources such as food, it is entirely possible that societal disruption can 
lead to collapses not only in population (in this case, well below assumed carrying 
capacity levels) but also public health as well as economic and civic order.175 
Describing the 13th century population collapse in France, Mazoyer et al.,176 warn of 
the consequences of exceeding carrying capacity:  
“From the end of the twelfth century the signs of overpopulation were obvious in 
some regions of Europe…which continued to be stimulated by the customs and 
mentalities adopted over the three preceding centuries of rapid growth in production 
and population. There resulted a growing gap between the needs of an expanding 
population and the productive capacity of agrarian systems based on cultivation with 
the plow, which could expand no further.”  
In humanity’s perpetual struggle to balance the carrying capacity of its productive 
landscape with population growth, it has adopted a new way of life several times 
over. However, despite a widespread misconception which sees each of these 
changes as an improvement, Cohen177 argues that we have merely developed our 
technology, “as a means of approximating as closely as possible the old status quo in 
the face of our ever-increasing numbers,” and that, “many of the technological 
changes observed in history were not progress at all, but necessary adjustments – 
often with diminishing returns – to increasing population.”  
Historically there have thus been two well documented patterns of behaviour as 
populations reach their carrying capacities. When the opportunity presents, systemic 
revolution, through the perpetuation of the carrying capacity receding horizon 
principle has allowed populations to expand; and in the event that this has not been 
possible, some form of systemic collapse has usually ensued. 
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4.2 Historic carrying capacity assessment and maintenance  
Even though global population has been growing since humanity’s first beginnings, 
this trend is not merely attributable to continued migration into previously 
unoccupied lands. In fact, by the end of each phase of cultural and technological 
development, the global population has actually approached, or even exceeded its 
long-term carrying capacity limits. Of course, prior to the modern age, populations 
were not as globally intertwined, so any carrying capacity constraints would have 
been experienced on a regional basis rather than as an entire global community. 
However, there is ample evidence to suggest that human populations have been 
forced to deal with the carrying capacity constraints of their productive landscape for 
at least the last 10,000 years. The carrying capacity receding horizon principle 
argues that when faced with the choice of limiting population or taking on more 
work, several societies throughout history have chosen the latter. Nevertheless, there 
have also been lengthy periods of relative stability in which societies have managed 
to both assess the carrying capacity of their local environs, and also consciously 
maintain a population at or below its ecological limits. Thus, while two responses to 
carrying capacity limits have already been identified178 as systemic collapse and 
systemic revolution, there is a third option - systemic equilibrium. While 
documentation of this historic occurrence is sketchy, it can be inferred by the long-
term good health many previous societies apparently enjoyed.179 Malthus180 identified 
that human fecundity plus good health leads inevitably to population growth if 
reproductive capacity is not actively regulated. Accordingly, he argued that if 
population is not consciously maintained below carrying capacity limits then so-
called Malthusian checks of famine, disease, and premature death would inevitably 
limit population anyway. There are historic examples of this Malthusian dynamic,181 
but equally, evidence shows that some cultures maintained relative population stasis 
without the “boom-and-bust population growth pattern.”182 
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4.2.1 Aboriginal Australia 
The Australian Aboriginal people are one of the world’s oldest continuous 
populations, existing continuously on the continent in the vicinity of 50,000183 to 
75,000 years.184 Even though the Aboriginal population grew during this period, there 
is evidence to suggest such growth was curtailed in a manner consistent with the 
carrying capacity of the landscape.185 Wilkinson186 suggests that the Aboriginal 
people generally maintained a dynamic equilibrium well below the carrying capacity 
of their landscape. Gammage187 also points out that, “population levels seem tuned 
not to ‘normal’ times but to harsh and erratic uncertainty, and not merely to bad 
times but to the worst times, such as giant floods or 100 year droughts.” 
Techniques for the maintenance of population equilibrium in cultures such as the 
Australian Aborigines varied, but Laughlin188 explains that they included 
contraception, abortion, infanticide, and lengthy spacings between each child-birth. 
While ample evidence exists in the methods of traditional population control, there is 
little information explaining how Aboriginal people knew when their population 
threatened carrying capacity limits, triggering ameliorative action. Perhaps it can be 
assumed that long-term familiarity with regional conditions and traditional 
knowledge was sufficient to inform Australian Aboriginal culture’s carrying capacity 
assessment strategy. Certainly, taboos preventing some individuals from eating 
certain foods, and encouraging the careful custodianship of some animals and plants 
would seem to encourage a degree of restraint in the over-extraction of resources189. 
For example, Spencer and Gillan190 quote a Central Australian mythological story 
where one of the ancestors implored, “if I eat [idnimita grubs] always, it might all 
die.” 
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4.2.2 The Maring Tsembaga people of Papua New Guinea 
While anthropologists have documented various cultures who have managed to live 
sustainably within the carrying capacity constraints of their environments, few have 
explained the mechanisms employed by these people in the assessment of their 
regional carrying capacities. However, Roy Rappaport’s analysis of population 
dynamics in a Papua New Guinean traditional society is an exception. 
In 1962-3, anthropologist Roy Rappaport lived with the Maring Tsembaga people 
of the Bismark Mountains, Papua New Guinea and wrote of his experiences in what, 
for anthropologists, became a classic text, Pigs for the Ancestors: Ritual in the 
ecology of a New Guinea people191. Rappaport states that one of the key goals of his 
study was to illustrate, “how ritual operates to keep the trophic192 demands of the 
Tsembaga and their pigs within the carrying capacity of their territory.”193 The 
culture, lifestyle and spiritual beliefs of the Tsembaga people incorporate not only a 
complex carrying capacity assessment mechanism but also include a unique method 
for ongoing ecological-population balance. Consequently, the Tsembaga are one of 
the few recorded societies where they not only had a method for the assessment of 
their localised carrying capacity, but also a way to maintain their population below 
this limit. 
At the time of Rappaport’s study, the Tsembaga were a 200-person subgroup of 
the Maring-speaking people whose territory covered about eight square kilometres. 
On a day-to-day basis, they were virtually self-sufficient in resources, with the main 
exception being metal tools which only arrived in the late 1940s.194 Inaccessible 
mountainous terrain meant that contact with the outside world was minimal in the 
1960s and the Tsembaga spoke only their local language and retained their 
traditional belief system, unaffected by the missionisation of many other similar 
people. They were one of about 20 similar politically autonomous Maring-speaking 
groups totalling about 7000 people enclosed within two steep valleys. 
The Tsembaga practised swidden agriculture. Of an estimated occupied area of 
822 hectares, 547 hectares were arable, although the quality of productivity varied 
and only about five percent of the Tsembaga’s productive land was utilised at any 
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one time. The Tsembaga predominantly cultivated root crops including taro, sweet 
potato and yams. They also raised pigs, but the Tsembaga’s relationship with these 
animals was highly ritualised and they only actually consumed pork at culturally 
significant times. 
The lives of all Maring people were dictated by a complex ritual cycle called the 
kaiko which lasted between five and 20 years, depending on the size and growth rate 
of their pig herd.195 This cycle began with the rearing of a small pig population and 
ended with ritual slaughter of the majority of a large herd. The kaiko was the 
Maring’s carrying capacity assessment mechanism which elegantly signalled to the 
population the boundaries within which its long-term survival depended. Rappaport 
entered the Tsembaga community in the final year of its kaiko cycle, which at that 
time, had lasted ten years. In this cycle, the pig population, at its height, reached 169. 
The Tsembaga rarely ate their pigs during the majority of the cycle, with only 
occasional ceremonial slaughters. While the rearing of pigs was an important part of 
Tsembaga life, they form an extremely minor part of their overall diet. Significantly, 
pig numbers generally increase more rapidly than human populations, given that 
sows can begin mating within one year of age and can potentially give birth to up to 
12 piglets. Consequently the pig population usually increased quickly over time and 
began to place pressure both on the local food supply and on the work commitments 
of the women whose responsibility it was to maintain them. When pig numbers were 
low, most of the herd is able to feed itself by foraging in the forest or scrounging 
unwanted scraps from their owners. However, a 60 kilogram mature pig actually 
weighed more than an average Maring adult and ate about as much, so as pig 
numbers increased their feeding requirements became more burdensome.  
The demands of maintaining large pig herds placed increasing pressure on 
Tsembaga households but cultural taboos prevented them from culling numbers 
despite the much-needed protein that slaughter might have offered. Instead of 
regularly culling their pigs, the Tsembaga waited until they had sufficient pigs196 for 
the kaiko festival, a year-long series of feasts which occur towards the end of the 
kaiko cycle.197 
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During the kaiko festival in 1963, the Tsembaga slaughtered three-quarters of 
their pigs.198 On one day alone at the height of the festival, a total of 96 pigs were 
killed. Rather than consuming all this meat themselves, most was given away to 
neighbouring allies and extended family members who were invited to participate in 
the festival. This amount of meat was estimated to feed more than ten times their 
own population.199 The Maring consequently use the kaiko festival to reward allies 
for past assistance and to help cement their support in the future. Harris200 points out 
that the allies, in turn, agree to participate in each other’s kaiko festival not only for 
the obvious culinary attraction, but also as it, “gives them the opportunity to decide if 
their hosts are prosperous and powerful enough to warrant continued support.” 
Directly following the festival, this allied support becomes absolutely essential 
because the next stage of the kaiko cycle involves the ritualistic renouncement of a 
previous truce with a neighbouring enemy clan and eventually engaging in warfare 
with them. By 1963, the traditional Maring warfare was largely prevented by 
Australian colonial authorities, so Rappaport was not party to the final stage of the 
traditional kaiko. However, in earlier times, including the previous period which 
ended in 1953, direct warfare between clans was a highly ritualised event. Both sides 
mutually prepared and cleared the battlefield, neither preferred to fight on cloudy 
days and hostilities generally halted for several days following fatalities so that 
ceremonial funerals could take place. Initial minor skirmishes eliciting few casualties 
in early weeks, but subsequent escalation to full battle involving axes and spears 
meant that fatalities became more frequent. Eventually however, following what was 
agreed to be sufficient suffering on both sides, a new truce was declared, a final 
round of pig slaughter would occur and a new kaiko cycle would begin with severely 
depleted pig stocks. 
Rappaport argues that the ritualised kaiko cycle of the Maring people exhibits a 
complex self-regulatory societal behaviour which serves to limit the human 
population from expanding beyond the carrying capacity of its local environment. 
The carrying capacity assessment mechanism is enacted in the relationship between 
each Maring clan and their herd of pigs, with the pigs acting as proxy for the human 
population. Considering that pigs eat a similar diet and quantity of food as people, 
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pigs are ideally suited for this role as surrogate consumers. Importantly, the elegance 
of this mechanism lies in that fact that it creates a buffer against over-population for 
the Maring people, because the pig population always reaches the kaiko threshold 
before the human population reach its carrying capacity limit. This carrying capacity 
assessment model is also calibrated to the variable conditions of any one cycle. For 
instance, poor crop growing conditions may also lead to poor pig rearing conditions, 
thus extending the kaiko period and vice-versa for periods of good crop yields. This 
pig-based carrying capacity assessment mechanism is thus uniquely coordinated with 
the fluctuating localised environmental and sociological conditions of a particular 
time. Harris201 explains, “[e]very part of the cycle is integrated within a complex, 
self-regulating ecosystem, that effectively adjusts the size and distribution of the 
Tsembaga’s human and animal population to conform to available resources and 
production opportunities”.  
While the Maring carrying capacity assessment mechanism is highly efficient, the 
eventual warfare which inevitably terminates the kaiko cycle seems far from ideal 
from a modern viewpoint. However, Harris202 point out that, “[p]rimitive warfare is 
neither capricious nor instinctive; it is simply one of the cutoff mechanisms that help 
to keep human populations in a state of ecological equilibrium with respect to their 
habitats.” Maring battles were a highly ritualised affair and their form of frontal 
warfare meant that numbers on the battlefield usually determined the end result. 
Consequently, the active support of allies from other clans was crucially important to 
any successful war campaign. This fact alone would seem responsible for the 
accumulation of as many pigs as possible in the preceding festival when most meat 
was handed out to potential allies. Harris203 postulates that successful pig raising is 
thus a sign of military might, validating and publicising a clan’s territorial claims. 
Tsembaga warfare thus created conditions that helped to maintain carrying 
capacity population limits in both overt and covert ways. Casualties obviously eased 
population pressure, although, surprisingly, this is probably one of the less influential 
factors affecting carrying capacity. Secondly, in the case of complete routs, warfare 
encouraged migration, which gave a landscape time to ecologically recover because 
superstition prevented any victorious clan from occupying the territory of the 
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defeated for several years.204 However, it was the covert mechanisms of warfare that 
ensured the strict adherence to carrying capacity limits; and these were evident in 
birth control and gender selection. An examination of the sex structure of the 
Tsembaga population205 revealed two key imbalances. In children there was a bias 
towards males, who make up 61 percent of the under-20 age bracket, whereas, in 
adults there was a slight bias towards females (at 51 percent). Despite unanimous 
denial of the practice of infanticide amongst the Tsembaga interviewed by 
Rappaport, the imbalance in their childhood sex ratios suggests otherwise, and this 
possibility is reinforced by studies by Divale206 suggesting that a similar sex ratio 
exists amongst a majority of the 600 indigenous populations he examined. Divale 
argues that such discrepancies could not happen naturally, instead indicating a 
prevalence of female infanticide either by intentional means or covert neglect. A 
plausible reason for such practice is offered by Harris207 who explains that, “[w]arfare 
inverts the relative value of the contributions made by males and females to a 
group’s prospects for survival. By placing a premium upon maximizing the number 
of combat-ready adult males, warfare obliges primitive societies to limit their 
nurturance of females. It is this and not combat per se, that makes warfare an 
effective means of controlling population growth.” 
The fundamentally significant aspect of population dynamics illustrated by the 
customs of the Maring Tsembaga people is the importance of both an early-warning 
mechanism to signal the approach of carrying capacity limits as well as the provision 
of a buffer to prevent the onset of these limits. Rappaport208 highlights that enacting 
the Kaiko does not symbolise the breaching of carrying capacity limits; for that 
would be too late to maintain ecological and cultural equilibrium.209 Rather, the 
Kaiko raises the carrying capacity alarm while there is still sufficient time to take 
ameliorative action. As Foin and Davis210 explain, “the ritual cycle is a homeostat 
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that functions to regulate the size of both human and pig populations, population 
dispersal, nutritional states and environmental quality.” While seemingly brutal from 
a modern perspective, the Kaiko appears to have maintained a sustainable society 
and landscape for multiple generations. 
It should be kept in mind that the kaiko was implicitly imbedded in Tsembagan 
tradition and culture in a way that may actually obscure its homeostatic qualities from 
the Tsembagan population themselves.211 Perhaps it can be surmised that when kaiko 
practices were first adopted, there may have been conscious awareness of their carrying 
capacity implications, but if so, this acknowledgement has since been lost. While the 
Tsembagan kaiko offers important lessons for modern society in how culture and 
ecological sustainability can be successfully combined, rather than merely being 
imbedded in traditional practice, such practises now must be explicitly understood. 
4.2.3 Tokugawan Japan 
Japan’s Tokugawan period, between 1600 and 1868, was one of relative peace, 
prosperity and strikingly unusual population stability.212 From a carrying capacity 
perspective, this period highlights one potential ideal; reflecting a societal system 
that was both resource self-sufficient and well aware of its population limits. In this 
regard, Japan’s Tokugawan era provides a rare example of a population not only 
stabilised within the carrying capacity of its landscape but also conscious of the 
extent of these limits and dedicated to the difficult task of maintaining population 
numbers within such constraints. 
The Tokugawan or Edo era began when Tokugawa Ieyasu took control of Japan 
in 1600 after a long period of internal conflict.213 While the first century of this era 
featured a rise in the Japanese population from about 20 million to 30 million people, 
the next 150 years is marked by very little change in population numbers214 until the 
Meiji Restoration after 1868 ushered in an escalation in population which today 
stands at over 120 million (Figure 9).  
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Figure 9. Historic population of Japan highlighting levelling off during Tokugawan period.215 
There is little doubt that the population stability evident during the Tokugawan era 
did not occur by chance, nor did it occur through Malthusian checks.216 Indeed, this 
period is noted for its prosperity rather than any deprivation. Rather, at a household 
level, the Japanese population was acutely aware of the optimum size and 
configuration of family makeup and took various steps to control it.217 Smith218 
proposes that population control occurred through a series of initiatives such as, “low 
registered fertility and mortality, wide spacing of births, early stopping of childbearing 
by married women, and small completed families.” Smith219 examined one particular 
Japanese village in order to illustrate Tokugawan population dynamics and found that 
while abortion and contraception may have occurred, the practice which most 
significantly influenced family planning was infanticide. He argues that infanticide 
was used to control the gender sequence, the spacing of births and the overall size of 
families and that it was practiced by both large wealthy land-holders and poor tenant 
farmers alike.220 Given the stability in population numbers during this period, it can be 
assumed that families merely replicated existing numbers. According to Hanly and 
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Yamamura,221 “[p]arents sought to rear a family of about three to four children.” Exact 
replication would suggest a family with only two children, but the additional one or 
two children suggested here may be accounted for by either premature death or 
childless adults. The optimum composition of Tokugawan families was also 
consciously regulated and according to Smith, the over-riding motivation was socio-
culturally based. He states that all families wanted one or two male children to supply 
a male heir and also to provide farm labour. However, any more than one or two males 
risked eventual competition over inheritance rights so female offspring were often 
deemed more desirable once the males were born. 
While providing a salient historical exemplar of population control and stasis, to be 
relevant to the processes of carrying capacity assessment, the Tokugawan experience 
need also to provide evidence of a societal awareness of the landscape’s bio-physical 
limits and a commitment by the population to live within them. Evidence to support 
this notion is clear, but circumstantial. While there are no apparent records of villages 
or families stating that they restricted the population size to the biophysical limits, 
there is ample evidence that villagers were well aware of such limits, suggesting, as 
Macfarlane222 says, “an attempt to balance fertility and resources.” The way in which 
widespread awareness of resource production can be ascertained is through 
examination of the Tokugawan taxation system. At the beginning of this period, an 
assessment, called the kokudaka, was made of the productive capability of every 
Japanese village, with the resultant data being used to tax each village in the rice and 
other grains that were produced. According to Smith,223 these land registers aimed to, 
“register within a small and more or less carefully defined area - usually a village - 
each taxable field; to record the name of its holder, its extent, the quality of its soil, 
and its estimated yield… The kokudaka therefore was an estimate of normal yield with 
adjustments for factors affecting taxable capacity.” These records were openly 
assessable to all villagers, were updated throughout the Tokugawan period224 and 
formed the basis of their communal civic contributions. While they were designed for 
taxation rather than carrying capacity objectives, the result was the same – each 
Japanese family was acutely aware of the productive capacity of their farm and 
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village, at a scale within which the vast majority of their resources were drawn. This 
high degree of self-sufficiency makes an examination of Tokugawan Japan even more 
relevant for carrying capacity-based exemplars. Not only was the nation as a whole 
relatively cut off from the rest of the world, but as Smith225 notes, each village was 
made up of mutually dependent families which, “attained a degree of self-sufficiency 
that was impossible for any of its members alone - a self-sufficiency imposed by 
physical isolation and the rudimentary state of the market.” 
Another salient point in the exploration of the relevance of carrying capacity 
issues to the Tokugawan exemplar is the fact that Japan was effectively at or just 
below full population capacity by about 1700 when the population stabilised. As 
highlighted by Macfarlane,226 “there was also no open frontier for the Japanese,” they 
were forced into a choice between population stability or population overshoot, and 
all evidence suggests that they chose the former. One example of resource constraints 
limiting population size occurred in a village in Totomi Province where population 
records show that there were two types of local families; the ones in place prior to 
1741 and those arriving after this date. As Smith227 explains, “[t]his particular date is 
significant since no new land was brought under cultivation after that. This year the 
absolute limit on the expansion of arable was apparently reached. Families founded 
afterwards, therefore, had access to land only as tenants, and they were probably 
placed under political disabilities to discourage any further increase in their number.” 
The example offered by Tokugawan Japan fulfils the criteria of a carrying 
capacity-led population dynamic. At a village level, this society was relatively self-
sufficient; it was well aware of the productive potential of its landscape and it went 
to great lengths to maintain a population size within these biophysical limits. Far 
from being repressive, dreary or repugnant, this era is celebrated for its peacefulness 
and prosperity. Despite a stable population, there were quite significant changes and 
advancements in technologies and demography. As Smith228 explains, “the very 
success of the Tokugawan system created conditions favourable to change; cities 
grew, communications improved, productivity in agriculture increased, industry 
spread from town to countryside.” 
 
                                                 
225 Smith, The Agrarian Origins of Modern Japan., 50 
226 Macfarlane, The Savage Wars of Peace., 356 
227 Smith, The Agrarian Origins of Modern Japan., 56-57 
228 Ibid., 204 
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5. Future global carrying capacity crisis 
Carrying capacity crisis occurs when the landscape on which a population depends 
for its very survival, is no longer able to support that population. This phenomenon 
results from dynamic change within a system: either the population grows to exceed 
the productive and assimilative capacity of the landscape or the capacity of the 
landscape shrinks below subsistence levels for the population.229 In both cases, a 
critical threshold is breached, leaving society overpopulated or in other words, in 
overshoot.230 Carrying capacity crisis occurs when overshoot is no longer possible 
and population numbers begin to trend downward as a result of Malthusian checks or 
by societal choice. If contemporary society is approaching such a threshold, it 
certainly would not be the first such historical occurrence,231 but there may be key 
differences in scale, driving forces and likelihood for avoidance. Warnings of an 
impending modern carrying capacity crisis have been publicly aired for decades, if 
not centuries, but as yet, have not come to pass concurrently on a global scale. From 
Thomas Malthus232 in the nineteenth century to Paul Erhlrich233 in the 1970s; each 
time overpopulation is identified, further technological innovation has extended 
capacity in accord with the carrying capacity receding horizon principle.234 It is thus 
important to examine whether the continuation of this process is possible.  
In order to estimate whether carrying capacity is currently being reached, it is 
necessary to examine land utilisation on a scale at which society is currently self-
sufficient. For instance, it is hypothetically possible to estimate the carrying capacity 
limits of a farm or catchment-area or even continent, but if the population does not 
intend living within the confines of that boundary, any assessment will remain purely 
hypothetical. While historic instances of carrying capacity breaches have generally 
                                                 
229 W. R. Catton, Overshoot: The Ecological Basis of Revolutionary Change (Chicago: University of 
Illinois Press, 1982)., 3 
230 For further detail on the relevance of overshoot, see Chapter 7.3 Dynamic timeframes. 
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occurred on a local or regional level235 (as this was the scale of their self-sufficiency), 
current resource utilisation also now occurs on a larger scale, often national or global 
in nature. For example, Australia’s food supply is predominantly nationally produced 
with 97 percent of supermarket’s fresh fruit and vegetables grown within the 
country236 whereas its energy supply is largely internationally based, with the 
majority of coal being exported and an increasing amount of oil imported.237 So, for 
the first time, if there is to be a carrying capacity crisis, it is likely to incorporate the 
whole world concurrently but the populations who predominantly import their 
essential resources are likely to be most at risk because of a lack of ownership of 
these resources and the distances that scarce resources would have to travel before 
reaching them. 
Given the interconnectivity of modern society, it is essential to examine the 
context of any potential carrying capacity crisis, not just through isolated threats, but 
as a systemic whole incorporating interrelationships and feedback loops between 
various parts of societal systems. For example, demographic trends are commonly 
extrapolated irrespective of future energy supplies238 even though a broader systemic 
perspective reveals that energy availability actually supports the population’s 
essential services, allowing societies to function effectively.239 A whole-of-system 
approach to the problem of carrying capacity overshoot would thus examine the 
resource demands, environmental impacts and societal structures concurrently 
(Figure 10). 
                                                 
235 As identified in Chapter 4.1 Avoidance of carrying capacity constraints. 
236 E. Morgan, "Fruit and Vegetable Consumption and Waste in Australia,"  (Melbourne: Victorian 
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Figure 10. Whole-of-system socio-environmental context as per Figure 1b.  
From a carrying capacity perspective, there are two ways in which a society relies on a landscape: 
the provision of resources and also the ability of the landscape to assimilate impacts and waste once 
resources have been used. 
5.1 Resource production 
Modern society uses both a vast range and quantity of resources in order to support a 
current global population of over seven billion people; and the demand on the 
landscape of such a population is unprecedented in human history. In order to 
establish whether the survival of a significant number of this global population is 
threatened by carrying capacity overshoot, it is necessary to examine basic human 
physiological needs such as food, water, air and shelter240 and estimate if and when 
any of these resources are likely to be in short supply. 
It should be noted that in most cases, a mere reduction in resource availability 
may be enough to trigger a carrying capacity crisis because our physiological 
requirements such as air, food and water need to be met in a timely manner. 
Consequently, total reserves of resources essential to basic human needs are 
relatively meaningless if the extraction and delivery of those reserves are not able to 
reach the population in sufficient quantities in sufficient time. For instance, even 
though vast supplies of coal may still be present in the ground, unless they are able to 
be mined, processed and utilised at an appropriate rate, their availability could 
potentially be insufficient. The importance of the rate of resource production as 
opposed to their overall abundance is often overlooked in reports on resource 
                                                 
240 Prominent twentieth century psychologist, Abraham Maslow [A. H. Maslow, "A Theory of Human 
Motivation," Psychological Review 50, no. 4 (1943)., 371] who created Maslow's hierarchy of needs 
cited breathing, food, water, homeostasis, sex, sleep and excretion as the most basic physiological 
human needs.  
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vulnerability. For example, the Australian Government’s recent Energy Resource 
Assessment241 made no mention of the global peaking of any resources, nor the 
significance of such. Instead, only peak production of individual oil fields was 
mentioned and any shortfall in Australia’s demand for oil is assumed to be met by 
imports with little regard to their global availability. 
Ever-present global population growth242 together with increasing aspirations of 
poor countries to live higher-consumption lifestyles typified by those in developed 
nations, has driven resource demand ever-higher since the beginning of the industrial 
revolution. While global resource supply has fluctuated during this period, generally 
it has managed to keep pace with demand, but Dilworth points out that there is 
currently little spare capacity.243 For instance, at the beginning of 2012, there was 
only enough surplus grain to feed the global population for 75 days at current rates of 
consumption.244 It is thus anticipated that the peaking of resource supplies essential 
for basic physiological needs will mark the point at which demand most likely 
outstrips supply, triggering carrying capacity crisis (Figure 11). Consequently, in 
order to predict any carrying capacity crisis, an examination of likely peaking in 
supply rates of vital resources such as shelter, air, water and food is essential. 
 
Figure 11. Crisis: the point at which supply falls below demand. 
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5.1.1 Shelter 
From a carrying capacity perspective, insufficient shelter would only cause an 
overpopulation crisis once there was not enough clothing or building materials 
available to adequately protect people from the climatic elements or not enough land 
on which to build. Given human adaptability to varied population densities245 and the 
wide variety of potential materials available for building and clothing, a carrying 
capacity crisis triggered by lack of shelter seems unlikely. There are perhaps two 
secondary ways in which inadequate shelter could threaten populations through 
exposure to the elements. First, if the climate were to change dramatically for large 
numbers of people without sufficient time or suitable materials to adapt, then lives 
could be threatened. Another threat could occur if energy supplies currently used to 
moderate extremely harsh climates, such as sub-zero temperatures, were suddenly no 
longer available. If climate change or energy supply shortages are to occur in the 
future to the degree that shelter for a large proportion of the population is threatened 
then, speculatively, a carrying capacity crisis is actually more likely to develop from 
a disruption to the food supply (see below) before any shelter crisis comes to pass. 
So, in all likelihood, lack of shelter can be dismissed as a major primary threat to 
carrying capacity crisis.  
5.1.2 Air 
While the human body can last only minutes without adequate air supplies, it 
currently seems unlikely that this physiological need would directly trigger a 
carrying capacity crisis. In order for this to occur, the sheer quantity of human 
respiration would have to outstrip the ability of natural systems to photosynthesise 
the carbon dioxide back to oxygen in sufficient amounts. Nevertheless, continuing 
growth in urban populations has contributed to increasing deaths from poor air 
quality with the UN stating that about two million people die from disease caused by 
air pollution each year.246 However objectionable this situation may be, a reduction in 
the global population of two million is unlikely to have much of an effect on carrying 
capacity with the global population currently increasing by more than 80 million 
                                                 
245 Dilworth states that human intelligence allows adaptation to increasing population densities 
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people per year.247 Consequently, air pollution would have to become significantly 
worse to precipitate any carrying capacity crisis. Potentially, nuclear fall-out could 
perhaps threaten air quality to this extent but urban pollution is unlikely to do so in 
the near future. 
5.1.3 Water 
Given that the human body can only survive for a matter of days without adequate 
hydration, if in short supply, fresh water availability certainly has the potential to 
cause death. However, in order to lead to a global carrying capacity crisis, freshwater 
demand would have to outstrip supply on a massive scale. Falkenmark248 argues that 
this situation has occurred in isolated locations in the past, but it is not clear that re-
occurrence is imminent globally. 
Fresh water is utilised by populations in various ways and in varied quantities 
throughout the world. For instance, people in industrialised countries use about 500-
800 litres per person per day for domestic uses while in developing countries this is 
much lower, at 50-100 litres per day or in some locations with scarce water supplies, 
as little as 10-40 litres per day.249 Given such a wide variation amongst populations, 
obviously the vast majority of fresh water use, particularly in developed nations, is 
for non-vital purposes. In fact, in temperate climates, only about two litres of 
drinking water are required per person per day, 250 so even though a reduction in 
domestic water availability may cause significant societal disruption, in order for it to 
trigger a carrying capacity crisis through lack of drinking water, its availability 
would have to be reduced by orders of magnitude.  
As reflected in the wide range of domestic consumption rates, water availability 
differs widely throughout the world. While the total global water supply is vast, it is 
nevertheless finite and less than 1 percent of it comprises potentially potable ground-
water or surface-water.251 Shiklomanov252 points out that it is the turnover of this 
freshwater, in the form of rainfall run-off or river replenishment that actually 
determines localised freshwater availability in most cases. Consequently, localised 
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replenishment rates and the ability of the population to harness and store this water 
source, ultimately dictates any carrying capacity limits. It is also this greater 
harnessing and storage of freshwater by populations in industrialised nations 
compared to developing nations, by way of dams and reticulated municipal water 
systems that underpins the differences in water consumption rates. While this 
industrialisation of freshwater delivery greatly enhances availability, it is largely 
dependent on energy-intensive mechanised systems so any disruption to the energy 
supply would most likely threaten freshwater availability. Additionally, initiatives 
aimed at enhancing freshwater supplies such as desalination plants, might only 
entrench and exacerbate this heavy reliance on fossil-fuel technology. 
In areas of the world with minimal water storage facilities or where replenishment 
rates are negligible, such as those with low rainfall or areas relying on aquifers, the 
potential for water shortage is ever-present. Pollution of water bodies by sewage, 
fertiliser runoff and industrial waste also potentially reduces the availability of fresh 
water for human use.253 Rogers254 argues that more than one billion people currently 
suffer inadequate access to safe freshwater and that this is likely to rise if developing 
nations continue to increase their usage and if climate change results in more extreme 
droughts particularly in already dry climates. He argues that future freshwater 
shortage might lead to starvation, disease (through poor sanitation), political 
instability and armed conflict, each of which could be viewed as factors potentially 
diminishing local carrying capacities. While access to sufficient drinking water is 
less likely to cause imminent carrying capacity crisis, secondary implications of 
water shortage such as those identified by Rogers pose a real danger and the most 
significant of these is a threat to the global food supply, through insufficient 
irrigation. Water supply and food supply are thus inextricably linked.255 
5.1.4 Food 
Throughout history a population’s food supply has been the most significant factor 
imposing limits on local carrying capacity and subsequently, has historically been the 
main driver of technological change. For instance, Mark Cohen’s landmark book, 
                                                 
253 Brown, Feed or Feedback: Agriculture, Population Dynamics and the State of the Planet., 129; 
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The Food Crisis in Prehistory256 maps out how the pressure to produce more food 
forced hunter-gatherers into the adoption of agricultural practices. Boserup257 argues 
that the constant need to produce more food for a growing population resulted in 
increased frequency of cropping and concomitant systemic societal change. 
Wilkinson258 too suggests that food shortages contributed significant impetus towards 
the onset of the Industrial Revolution in England, highlighting that during the 1760s, 
Britain changed from being a net exporter to a net importer of wheat. Malthus259 also 
focused his theory of population pressure on the availability of an adequate food 
supply. However, rather than citing examples of carrying capacity aversion by 
technological change, he focussed more on populations that overshot their productive 
capacity resulting in inevitable famine. Graves260 has charted the occurrence of 
famine since ancient Egyptian times and discovered examples in the Middle East, 
Rome, England, France, Ireland, India, China and Russia throughout the ages. These 
are all examples of carrying capacity crisis. Given overwhelming historical 
precedents, it seems likely that any future carrying capacity crisis will also revolve 
around food.261 
The amount of food consumed per person varies throughout the world, largely 
dependent on diet and cultural habits. For example, Kendall and Pimentel262 
estimated that in 1994 an average American ate 771 kg of food per year while the 
equivalent individual in China consumed only 479 kg per year. Revelle263 explains 
such discrepancies by pointing out that the minimum physiological requirements for 
an average population is about 2100 kilocalories per day, while the average 
American consumer dramatically exceeds their basic energy requirements. Another 
factor which further complicates the estimate of adequate food supply is the apparent 
lack of differentiation by some authors between production and consumption 
amounts, when a significant proportion of food can be lost between these two parts 
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of the food chain. While it is assumed that Revelle’s estimates for daily per person 
energy requirements are at the production level, various other estimates are given at 
the consumption level and also account for wastage. These include Peters et al.’s264 
estimates of 2308 kilocalories per day for an American diet and Byron et al.’s265 
range of 1830 to 2760 kilocalories per day for an Australian healthy diet modelled on 
sedentary and active energy requirements. Alternatively, assuming that Kendall and 
Pimentel266 have not accounted for waste, they suggest that globally, 2667 
kilocalories per day are required, which equates to about 550 kg of food per person 
per year. Given that the global population currently increases by about 80 million 
people per year,267 an additional 44 million tonnes of food needs to be produced each 
year (at current growth rates) just to keep up with this demand. This equates to about 
25 thousand more grain silos worth of food every year.268 
Since the end of World War II, global food production has experienced 
unprecedented growth. While total food output is difficult to accurately calculate, 
Lester Brown269 argues that world grain production provides an adequate proxy as it 
is indicative of both dietary adequacy at the individual scale as well as overall food 
production at the global level. Between 1950 and 2010, the global grain yield more 
than tripled from 631 million tons270 to 2199 million tons271 (Figure 12). In the 40 
years prior to 1984, grain production outstripped population growth, with an historic 
high of 343 kg per person in that year. However, this ratio has fluctuated at about the 
same level ever since and in 2010 was 319 kg per person272. Nevertheless, as Smil273 
points out, “never before have so many people - be it in absolute or relative terms - 
enjoyed such an adequate to abundant supply of food.” The reasons he gives for such 
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a dramatic increase in food production include increasing energy inputs from fossil 
fuels (also evident in Figure 12), the introduction of new crop varieties, increasing 
pest and weed control measures and access to large quantities of artificial fertilisers. 
Additionally, the amount of land under cultivation for grain grew by 14 percent in 
the time since World War II, from 5.9 million km2 in 1950 to 6.7 million km2 in 
2004.274 Obviously, however, this only accounted for a small proportion of the 
tripling of global grain production during this period; the more significant factor 
being dramatic increases in agricultural yield from 0.75 t/ha in 1900 to 2.7 t/ha in 
2000.275 
 
Figure 12. Comparison of population growth,276 grain production277 and energy usage278 since 1950 
showing a similar upward trajectory. 
With UN projections279 for continued population growth, there are growing 
concerns about the capacity of global food production to keep pace, thus triggering 
carrying capacity crisis. The FAO280 for instance, suggest that in order to meet food 
demand in 2050, agricultural production will need to increase by 70 percent globally 
and by almost 100 percent in developing countries. However, Kendall and 
Pimentel281 state that, “nearly all the world’s productive land, flat and with water, is 
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already exploited,” so subsequent production gains will need to come from increased 
yields even though there is little scope left to develop grain varieties with larger 
yields because they are already nearing the estimated absolute limit of 62 percent 
conversion of photosynthetic product to seed.282 Further problems potentially 
hindering continued growth in food production include increases in meat 
consumption in the developing world,283 which requires more land than vegetarian 
diets, a decline in global fish stocks284 and the possibility that climate change could 
disrupt normal production patterns.285 
Water availability is also crucial to agricultural yields; in fact, it is the 
predominant limiting factor.286 To produce one kilogram of corn requires about 1400 
kilograms of water, while a kilogram of rice requires 4600 kilograms of water and a 
kilogram of cotton, 17,000 kilograms of water.287 Each crop also has specific 
requirements for when and how it receives watering, making the regulated irrigation 
of farmland an extremely attractive proposition for any farmer compared to the 
usually irregular pattern of rainfall. Consequently, about 70 percent of all freshwater 
used by humanity is diverted towards agricultural irrigation.288 Mirroring increases in 
grain production, irrigated farmland has roughly tripled globally in the period since 
1950, from about one million km2 to three million km2.289 However, Dilworth290 
suggests that salinisation and increasing water scarcity are preventing significant 
further expansion of irrigated agricultural land, with extensive areas being ruined in 
countries including India, Pakistan, Egypt, Mexico, the US and Australia. According 
to Kendall and Pimentel,291 if similar damage continues unabated, as much as 50 
percent of irrigated farmland could be lost by 2050. 
The modern use of vast amounts of mineral fertiliser is another potentially 
vulnerable point in the global food supply. The adoption of mineral fertilisation is 
now truly global with 64 percent of all global usage occurring in developing 
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countries292 but its use and effectiveness have experienced an inverse relationship 
since widespread adoption in the 1950s. For instance, in the second half of the 20th 
century, fertiliser use grew by 900 percent world-wide, while its return on yield fell. 
In 1950, the addition of one ton of fertiliser to cereal crops resulted in 46 additional 
tons of grain; but by 1965, 23 more tons of grain were produced for the same input of 
fertiliser and by the 1980s, this was only about 13 tons.293 Simply adding more 
fertiliser does not make up this shortfall as once an optimal amount of fertilisation is 
applied, additional amounts are not able to be taken up by crops. So, even though 
these diminished agricultural returns still validate the continued application of 
fertiliser, it does not suggest that a further increase in yield from manipulation of 
fertilisers is likely. 
Phosphorus is one essential component of mineral fertiliser that could lead to a 
carrying capacity crisis in the near future and Brown294 for example, argues that “a 
continuation of present practices will eventually exhaust usable phosphate deposits” 
Moir and Morris295 state that at current usage patterns there is about 100 years’ worth 
of extractable phosphorus still available. However, White and Cordell296 contend that 
supplies of phosphate rock might peak within the next 30 years. A peaking in world 
supplies means that the rate of extraction will be less than the rate of demand 
creating global shortages. At present Australia imports a majority of its phosphate 
fertiliser297 and global supplies are potentially vulnerable given that just one country, 
Morocco, controls 85 percent of the global market.298 
Nitrogen is another vital component of mineral fertiliser. The artificial synthesis 
of nitrogen in an agriculturally usable form of ammonia only became commercially 
possible in the early 20th century, but today 130 million tonnes are now produced. 299 
Smil300 argues that if not for the artificial synthesising of nitrogen into ammonia 
fertiliser, fully two-fifths of the current world population would not have sufficient 
food. While nitrogen itself is never likely to be in short supply given that it makes up 
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80 percent of the atmosphere,301 extracting it in a usable form is a complex and 
energy intensive task requiring about 45 GJ of energy (the equivalent of one tonne of 
natural gas302) to produce one tonne of ammonia.303 
The cheap and ready availability of fossil fuel energy is essential in to the 
continued production of adequate food supplies, so it too poses a potential threat to 
global food supplies. Energy can be described as a master resource 304 facilitating the 
utilisation of all other resources. The three main fossil fuel sources of energy utilised 
in modern agricultural production are oil, gas and coal. Gas is used in the creation of 
nitrogen fertiliser, coal predominantly for electrical processing including 
refrigeration and cooking, and oil plays multiple roles in the global food chain. 
Existing high yields from modern agriculture are entirely dependent on oil and 
according to Pimentel,305 “if mineral fertilisers, irrigation (made possible in part by 
energy from oil) and pesticides were withdrawn, corn yields in the world, for 
example, would drop by about 75 per cent.”306 Each of these factors is, in fact, made 
possible by energy from crude oil, with fertilisers currently extracted and delivered 
by oil-dependent machines, pesticides often based on oil derivatives and then 
broadcast from diesel-driven tractors and irrigation usually pumped by petrol 
engines. Currently, 90 percent of the energy used by Australian agricultural 
production comes from petroleum.307 Another essential component of the modern 
food system dependent on crude oil is the transport network that delivers food from 
around the world to the tables of the vast majority of the seven billion awaiting 
hungry mouths. In Australia, 74 percent of all petroleum usage is for 
transportation.308 
Given the importance of the peaking of fossil fuel resources to the possibility of 
carrying capacity crisis, an estimate of the time at which a peak may occur in oil, 
coal and gas is critical. Unfortunately, estimates of both recoverable reserves and 
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peak production have generally been difficult to determine and fiercely debated. In 
2007 the Queensland government commissioned a report under Environment 
Minister, Andrew McNamara, into that state’s vulnerability to peak oil. The report309 
cites 19 global oil reserve estimates since 1959 with a range of 1.7 trillion barrels of 
oil to almost three trillion barrels. The first geoscientist to make predictions of the 
peaking of fossil fuels was M. King Hubbert in 1956 using a logistic model now 
known as Hubbert peak theory or simply, a Hubbert curve. According to Hubbert, 
the production rate of non-renewable resources follows a reasonably predictive curve 
based on the limits of exploitability and market pressures.310 Hubbert311 predicted 
peak global coal production for about 2150, peak oil for about 2000 and gas to peak 
at about the same time as oil. Even though history vindicated Hubbert’s predictions 
of a peak in U.S. continental oil production312 when the actual peak occurred in the 
early 1970s, his global estimates have remained contentious and public awareness of 
the risks and likelihood of the event is perilously low. 
Brandt313 explains that there are two main problems in the prediction of peak 
resources: uncertain methodologies and poor data. Methodologically, most confusion 
between analysts arise from a variety of definitions and measurements such as 
whether peak oil marks the peaking of just conventional oil or also includes oil 
substitutes such as tar sands or even biofuel. These issues of clarity, though 
complicated, seem easy enough to resolve. The problem of poor data, on the other 
hand, is more intractable because some producers, notably OPEC oil-producing 
nations either do not compile adequate reserve data or knowingly exaggerate 
published data for political purposes.314 For this reason, there is much distrust in 
modelling which simply accepts the inflated and “atrociously unreliable”315 OPEC 
figures at face value. However, even modelling based on these apparently unreliable 
figures, such as the United States Geological Survey,316 only pushed global peak oil 
out as far as 2040, less than a generation away. More sobering still is McNamara’s 
analysis that the majority of analysts estimated a global peak between 2005 and 
2010. In 2007 he stated, “[d]emand will exceed supply, probably in the next 10 
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years.”317 Only slightly more optimistic is the prediction by the UK Energy Research 
Centre that, “there is a significant risk of a peak before 2020.”318 
Analysis of recent oil production data shows little increase between 2005 and 
2008, before a reduction in 2009. As the Oil Depletion Analysis Center319 explain, 
“oil production was lower in 2009 than 2008 because of lower demand caused by the 
recession, itself caused in part by the spike in the oil price to $147 / barrel.” Output 
rose again in 2010 and a new peak was reached in 2011 at 88.5 million barrels per 
day. This is still the current maximum although some analysts320 suggests that it 
could be exceeded in 2012 and perhaps even 2013 but after that, the chances are less 
likely. 
While the majority of global oil supplies are sourced from crude oil, there has 
been an increase in recent years of oil from unconventional sources such as oil sands, 
oil shale, coal and natural gas.321 This growth in non-crude production has led the 
International Energy Agency (IEA) to speculate that shortfalls in conventional 
supplies can be compensated by unconventional means until at least 2035 and, in 
fact, could lead the United States back to energy self-sufficiency.322 However, 
Hughes disputes such claims, stating that the maximum possible number of wells 
indicates that production is likely to, “peak by 2017, when available well sites are 
exhausted, and then fall by 40% a year.”323 One of the problems with shale oil is the 
early peaking time. While crude oil wells may take years to peak, Maugeri points out 
that shale oil wells generally exhibit peak production in only their first few weeks 
and steadily decline to about 10 percent of peak production after five years. 324 
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The McNamara report and subsequent Action Plan325 suggests that, “the 
implications of peaking conventional oil production will also interact with a broad 
range of political, technical, environmental and social change drivers.” For example, 
global conflict over dwindling energy shortfalls seems entirely likely particularly 
when shortages begin to appear in affluent nations who have become accustomed to 
ready access to petroleum products at affordable prices. These socio-political factors 
could also have unpredictable effects on oil availability and given the heavy reliance 
on oil for global agricultural production, a decline in food production seems highly 
likely in the very near future. 
Although the peaking of global natural gas supplies seems less imminent than that 
of oil, it is nonetheless inevitable, with Bentley,326 for example, predicting a peak in 
conventional gas production as early as 2022. Alternatively, agencies such as the 
U.S. Department of Energy,327 suggest that immediate shortfalls in traditional forms 
of gas extraction can be made up with dramatic increases in shale or coal-seam gas 
production, but opponents of this technique argue that it potentially degrades good 
quality agricultural land and artesian water supplies328 which would only reduce 
rather than increase carrying capacity. 
From a carrying capacity perspective, the most important use of natural gas is in 
the production of nitrogen-based ammonia fertiliser, with gas-fuelled plants 
accounting for 80 percent of the world’s ammonia production.329 Smil330 estimates 
that about five percent of total current global gas production would be required to 
generate adequate quantities of nitrogen fertiliser. However, he also points out that if 
gas supplies are in short supply, then coal could also potentially be used to fix 
nitrogen although this is a more expensive option environmentally and monetarily.  
The peaking of global coal production is generally assumed to be decades away.331 
However, peak coal could be brought forward if shortfalls in oil and gas supplies 
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necessitate a substitution with coal sources of energy and a subsequent increase in 
usage. Additionally, recent revisions of coal reserves tend to drastically reduce 
estimates of global supplies, consequently reducing the time until a peak. For 
instance, Zittel and Schindler332 state that the global peak in coal production could 
occur by 2025 given recent increases in coal usage. It should be noted, however, that 
such reports which place peak coal in the next fifteen years are the exception rather 
than the norm.  
In the global agricultural and food production system, coal-based energy sources 
are less pivotal than oil and gas and include storage, processing and cooking. In other 
words, most coal-based energy only enters the human food chain after the food has 
already left the farm. Consequently, the event of peak coal, on its own, does not seem 
to pose such an imminent threat as peak oil or peak gas. However, one such peak 
could affect any of the others. For instance, the extraction of gas and coal is currently 
dependent on petroleum-fuelled machinery so the onset of peak oil could see coal 
and gas production rates reduced. 
Alternative renewable energy sources seem inadequate as replacements to fossil-
fuel energy supplies in the food system. For instance, solar, wind, hydro and 
geothermal power systems all produce electricity so are potential substitutes for coal, 
but it is actually the replacement of oil and gas that is both more urgent and more 
critical to food production. Perhaps some of the existing transport system could be 
altered to accommodate electrical power, but generally modern agriculture requires 
heavy vehicles with large energy demands such as tractors and trucks, none of which 
are currently suited to conversion to electrification. Another alternative fuel source 
which could be used as a replacement for oil is biofuel. However, this option is only 
likely to worsen any carrying capacity crisis, as it usually means diverting land away 
from food production and into the growing of fuel crops such as corn and sugar. For 
instance, Runge and Senauer333 estimate that it would require eight times the annual 
U.S corn harvest in order to replace existing U.S. usage of petroleum with corn-
generated biofuel. Another potential alternative to crop-based biofuel production is 
second generation biofuels which is produced from algae or non-edible parts of 
                                                 
332 Werner Zittel and Jörg Schindler, "Coal: Resources and Future Production,"  (Energy Watch 
Group, 2007). This estimate is based on a 30 percent increase in current production. 
333 As per Doug Logan, "Foreign Affairs: How Biofuels Could Starve the Poor," New Energy Watch, 
http://www.newenergywatch.com/2007/06/foreign_affairs.html. 
    92 
plants. 334 While this approach may not compete directly for land-usage, at this stage, 
as ABARE points out, “second generation biofuels are not commercially competitive 
in any country.”335 
Dilworth336 is unequivocal in stating that, “modern agriculture is not at all 
sustainable, due primarily to its reliance on fossil fuels, in particular oil.” According 
to the University of Michigan’s Center for Sustainable Systems,337 in the United 
States it takes 7.3 units of fossil fuel energy to produce just one unit of food energy. 
Arguably, some of the energy embedded in the U.S. food supply could be considered 
non-essential such as retail handling (10 percent) and packaging (7 percent) 338 but the 
scale of difference between energy inputs and food outputs suggests that much less 
food is likely to be produced in the absence of finite fossil fuels. Bartlett339 accurately 
describes modern agriculture as the process of converting petroleum to food. A fall 
in petroleum availability is thus likely to lead to less food availability. 
Historically, carrying capacity crises have been avoided by the transition of 
societies from one system of resource utilisation to another, such as from manual 
farming to industrial farming, thereby increasing the carrying capacity of their 
productive landscapes.340 This systemic change has invariably required more energy 
with each step-change, with swiddening requiring more manual labour than hunter-
gathering, and ploughing-irrigation requiring further human and animal input and 
industrial agriculture requiring significantly more energy still, through the use of 
fossil fuels. This process inevitably takes place when all other options are exhausted, 
such as migration and increased extensive land utilisation, so that an increase in 
intensification of agricultural production is the only choice left. By its very nature, 
this increased intensiveness requires more energy, be it from people, animals or 
fossil fuels and societal complexity has also generally increased accordingly. 
Brown,341 points out that the highly mechanised modern agricultural system has 
generated enormous surpluses. However, in accord with previous cycles of 
technological development, the population has grown to fill the capacity of this 
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enormous productive base. A levelling off of population at or below the productive 
maximum would potentially offer a sustainable path forward but unfortunately, our 
entire system of global food production is dependent on non-renewable resources. 
Soon, the rate of demand for these essential resources will outstrip the rate of supply. 
In this event, even if the current population did not continue to grow at all, the 
forthcoming shrinking of the productive base, brought on by peak oil, gas and coal, 
will most likely trigger the beginnings of carrying capacity crisis. In this event, 
according to the carrying capacity receding horizon principle, humanity will face 
only two choices - intensify production through systemic change (if possible) or 
enter crisis.  
5.2 Environmental impacts 
Given that carrying capacity crisis occurs when a landscape is no longer able to 
support a population, it is necessary to not only examine the productive potential, but 
also the capacity of the landscape to absorb the impacts of human activity, in order to 
determine if crisis is imminent.  
In the first instance, crisis is dictated by constraints to human population numbers, 
so immediate threats triggered by the population’s environmental impacts would be 
limited to those potentially causing human mortality such as disease and natural 
disasters. So, for example, if human activity impacts mosquito numbers in an 
environment which subsequently reduces or increases the incidence of malaria, then 
this could be described as a primary impact. Likewise, if climate change causes 
floods, cyclones or bush fires resulting in death on a massive scale, then this would 
also be a primary impact. However, in relation to carrying capacity, most 
environmental damage actually imparts secondary impacts by affecting the resource 
base, rather than directly changing human population numbers. For instance, climate 
change is perhaps more likely to affect carrying capacity by either reducing or 
enhancing the productive capacity of particular landscapes. Land degradation, soil 
erosion and pollution are also likely to lead to a reduction in the amount of land 
available for the growing of food, rather than directly killing people. Consequently, 
in most cases, environmental impact constraints to human carrying capacity can be 
seen as a subset of resource production constraints. 
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Given that the peaking of finite resources is already likely to trigger a future 
carrying capacity crisis, humanity’s ongoing and in some cases irreversible negative 
impacts on the environment are only making a bad situation worse by reducing 
potential future productivity. Stokes and Howden highlight that Australia’s 
agricultural sector is already constrained by a harsh environment which makes it, 
“particularly vulnerable to climate change with projected negative impacts on the 
amount, quality and reliability of production.”342 While there is some potential for 
increased yields for particular crops in some areas,343 on balance, Moir344 explains 
that by 2050, “climate change has the potential to constrain Australian wheat 
production to 13 per cent below the baseline, to constrain beef production by 19 per 
cent, and to constrain dairy production by 18 per cent.” Fischer345 concurs that in the 
long run, “climate change, if not halted, will result in irreparable damages to arable 
land, water, and biodiversity resources, with eventually serious consequences for 
food production and food security.” Pandey346 points out that, “[i]t is now recognized 
that those enormous gains in agricultural production and productivity were often 
accompanied by negative effects on agriculture’s natural resource base, so serious 
that they jeopardize its productive potential in the future.” By way of example, he 
cites land degradation, salinisation of irrigated areas, over-extraction of groundwater, 
the build-up of pest resistance, the erosion of biodiversity, deforestation, the 
emission of greenhouse gases and nitrate pollution of water bodies. These are all 
instances of over-exploitation of the current environment jeopardising future 
productivity and hence reducing future carrying capacity. 
5.3 Systemic problems 
Despite the ever-increasing threat of carrying capacity crisis, modern society appears 
unable to alter its course. The very systems which underpin global human endeavour 
seem to actively prevent meaningful change and the one irrepressible goal to which 
all societies seem to strive is the very thing that makes such endeavour ultimately 
life-threatening: that of growth. 
                                                 
342 S. Mark Howden et al., "Adapting Agriculture to Climate Change," Proceedings of the National 
Academy of Sciences 104, no. 50 (2007)., 257 
343 For example, higher termperatures can shorten the period of growth time for some crops, creating 
the opportunity to increase the growing season or plant two crops per season. Ibid., 121 
344 Moir and Morris, "Global Food Security: Facts, Issues and Implications.", 12 
345 Günther Fischer, "World Food and Agriculture to 2030/50: How Do Climate Change and 
Bioenergy Alter the Long-Term Outlook for Food, Agriculture and Resource Availability.," in Expert 
meeting on How to Feed the World in 2050 (Rome: 2009)., 9 
346 Pandey, "Save and Grow." Chapter 1. 
    95 
The bounded nature of planet earth is enough to suggest that there is a finite 
dimension to its resource productivity. There are thus limits to the quantity of people, 
hence its carrying capacity, limits to traded goods and limits to its economic 
potential. However, the dominant global economic paradigm advocates infinite 
economic growth at all costs, a seeming impossibility on a finite planet. All facets of 
society reinforce this drive for growth, from government systems, to educational 
institutions and the business sector. Population growth and economic growth have 
generally gone hand-in-hand and this current period of industrialisation has seen 
sustained expansion of both, punctuated only rarely by brief interludes of economic 
recession. For instance, in the period 1850 to 2011, Australia’s GDP grew 462-fold 
while its population grew 56-fold.347 
The obvious contradiction of infinite growth in a finite world can only be 
explained by a general unwillingness to partake in realistic long-term societal 
planning. Hardin348 explains that, “[e]conomics, the handmaiden of business, is daily 
concerned with ‘discounting the future,’ a mathematical operation that, under high 
rates of interest, has the effect of making the future beyond a very few years 
essentially disappear from rational calculation.” Catton349 agrees that, “mankind is 
locked into stealing ravenously from the future,” with a system out of alignment not 
only with principles of societal equity but one that doesn’t even obey simple bio-
physical imperatives.  
5.4 Contemporary responses 
Despite decades of warnings from carrying capacity crisis harbingers such as 
Ehrlich,350 Catton351 and Hardin,352 the global population has continued to increase, 
economic growth is still the dominant paradigm, non-renewable resources have 
become increasingly necessary and decreasingly available long-term and the carrying 
capacity horizon seems to edge ever-closer. Unfortunately co-ordinated action to 
combat the problem has largely been unsuccessful.  
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5.4.1 Global 
Global responses to a potential carrying capacity crisis seem to revolve largely 
around the hope that demographic transition will finally put an end to global 
population growth. The theory of demographic transition was initially developed by 
Frank Notestein353 in 1945. Notestein argued that economic development associated 
with industrialisation provides incentives and technologies that tend to stabilise 
population numbers, eventually reaching a plateau. A typical form of population 
dynamics culminating in demographic transition is the sigmoid curve developed by 
Verhulst.354 Various stages of the theory have since been explored. Firstly, the theory 
states that pre-industrial populations tend to exists in accordance with Malthusian 
principles, essentially determined by mortality rates imposed by a fluctuating food 
supply.355 Stage two begins with industrialisation, when modern sanitation and 
medicine dramatically reduce mortality, leading to a population explosion. However, 
once the western industrial model becomes entrenched, as Notestein356 points out, a 
large family becomes a more expensive and, "progressively difficult undertaking.” 
Improvements to contraceptive technologies along with its promotion and ready 
availability have also hastened this stage of the demographic transition model. 
There is little doubt that demographic transition has played a role in the slowing 
rate of global population growth over the last 40 years.357 However, even the United 
Nations medium range population projection358 does not expect the global population 
to stabilise for at least 90 years before arriving at a population close to 11 billion 
people. Additionally, when comparing existing population growth rates to the UN’s 
medium projection, this 90 year time lag (while humanity waits for demographic 
transition to take effect) actually seems optimistic (Figure 13). Fearnside suggests 
such modelling is unrealistic. He states that it is unlikely, “that the amount of 
economic progress realistically possible for many developing counties would be 
sufficient for the full fertility-reducing effect of the demographic transition to be 
realised,” and that such an effect, “would be too slow-acting to prevent astronomical 
increases in population densities and intensification of problems following from this 
                                                 
353 Frank W. Notestein, Population: The Long View, ed. Theodore W. Schutltz, Food for the World 
(Chicago: University of Chicago Press, 1945)., 39 
354 See Figure 4. 
355 John C. Caldwell, "Toward a Restatement of Demographic Transition Theory," Population and 
Development Review 2, no. 3 (1976)., 325 
356 Notestein, Population: The Long View., 40 
357 Cohen, How Many People Can the Earth Support?, 50 
358 United Nations, "World Population Prospects, the 2010 Revision." 
    97 
increases.”359 Fearnside thus highlights the unreliability of industrialisation and 
economic growth to deliver timely population stabilisation. Cohen also contends that 
demographic transition is a poor predictor of when declines in fertility may begin and 
the speed of which mortality and fertility may occur. 360 
It is unknown whether the earth will be able to support this amount of people even 
if our current mode of industrial production was sustainable. Unfortunately however, 
given the finite nature of our industrial resources, the current societal model is not 
likely to even last another 90 years so the likelihood of demographic transition, on its 
own, rescuing society from carrying capacity crisis seems reasonably slim. 
 
Figure 13. Global population estimates: 
UN medium variant projection for future population growth in accord with demographic transition 
compared to the UN’s projection for the population if existing global fertility rates continued and also 
compared to the UN’s projection for global population if the current population (as of 2010) merely 
maintained replacement fertility (i.e. if each woman had two children).361 The medium variant 
projection is much closer to replacement fertility than existing fertility. 
5.4.2 National 
The fact that Australia is one of the few nations bounded by sea, means that at least 
symbolically, it seems well suited to carrying capacity analysis. Several attempts 
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have been made to estimate Australia’s carrying capacity, the most detailed of which 
have appeared in various government reports on the population issue. 
In 1975, the federal government released a demographic analysis of Australia 
titled Population and Australia.362 While it states that it was not aiming to 
determine a national carrying capacity,363 it nevertheless included a number of 
previous scholarly attempts ranging from 10 million to 480 million.364 In the decades 
leading up to the 1970s, the predominant national sentiment was one of population 
expansion, reflected in policy incentives such as increased immigration, limitations 
to abortion and restriction on the distribution and promotion of contraceptives.365 
Another initiative originally introduced in 1912 was a £5 baby bonus offered to all 
new mothers of European descent in an attempt to promote the white Australia 
policy.366 By 1970, there was some debate about the merit of such population growth, 
but it continued nonetheless and then in 2002 the baby bonus incentive was 
reintroduced for Australian mothers and is now worth more than $5000 per child.367 
In 1994, Barry Jones led a subsequent federal government report of the population 
issue titled Australia's Population Carrying Capacity.368 While no thorough 
biophysical analysis was conducted, the aims of the report were ahead of their time 
in aspiring to explore ecological constraints to growth. McNicoll369 describes the 
outcomes of this enquiry into Australia’s carrying capacity as a debate between two 
main groups: the ecologists advocating a maximum of 20 to 25 million people and 
the economists and demographers who suggested that Australia’s capacity fell 
somewhere between 50 and 60 million. The report stressed the importance of the 
establishment of well-annunciated federal population policy although McNicoll370 
correctly predicted that this was unlikely to happen. 
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Rather than heeding the advice of earlier reports, the most recent Australian 
government report on population is more of a retrograde step than advancement of 
the population conundrum. In 2011, the federal environment minister, Tony Burke, 
released the government’s strategy for a sustainable population, Sustainable 
Australia - Sustainable Communities.371 Prior to the report’s release, minister 
Burke seemed to court the possibility of incorporating population limits into 
government policy, stating that, “we have to also take into account, do some sections 
of Australia have what - with my agriculture hat on - gets referred to as a carrying 
capacity?”372  However, once the document was released any aim towards carrying 
capacity targets was rejected, and instead, the introduction of socio-environmental 
monitoring was endorsed. In so doing, the government seems to discount the 
possibility that as a society, we are pushing up against biophysical limits that 
potentially threaten modern society and that population levels are the multiplier in 
this challenging equation. 
Rather than setting population targets, the government’s population strategy 
purports to aim for a more sustainable Australia by managing impacts on the current 
population, monitoring migration and projecting population trends373  but these 
measures lack any meaningful traction without the process of identifying population 
limits. For instance, how is sustainability measured, if not against a certain level of 
certain activities performed by a certain number of people over a certain amount of 
time? How do we know that past population trends will continue on similar paths if 
barriers to future growth are not identified? 
Despite the title of Burke’s report, neither sustainable communities nor a 
sustainable nation can actually be ascertained, let alone achieved, without 
acknowledging firstly that limits to growth do exist and secondly that there is an 
inherent hierarchy contained within these limits. The hierarchy adopted by the 
Report374 gives equal weighting to economic, societal and environmental interests (as 
per Figure 1a). This diagram fundamentally illustrates the disconnect between the 
laws of nature and unrealistic expectations for unlimited, continued growth, be it 
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economic or societal.375 An alternative model was included in the 1996 National 
State of the Environment Report376 and has been recommended to the Sunshine 
Coast Regional Council by its Sustainability Advisory Panel in 2009. 377 This 
committee provide a more realistic representation of these interests with the economy 
encapsulated by society, which in turn, is enclosed by the environmental sphere (as 
per Figure 1b). This perspective recognizes that there are limits inherent in our way 
of life and that aspects of the economy are limited by society, be it cultural norms, 
ethical responsibilities or population dynamics. Additionally, society and each of its 
component parts including the economy are all limited by their biophysical context. 
The acknowledgement of societal thresholds is reflected in the Sunshine Coast 
Sustainability Advisory Panel’s recommendation for subsequent constraints 
mapping, an aspect mirrored by other local councils such as Port Macquarie-
Hastings378 but omitted from the federal government’s approach. Instead, the 
government’s report proposes the development of sustainability indicators in a 
strategy that potentially places government merely in the role of passive observer 
rather active planner. A more responsible planning position would attempt to build 
the resilience of a society within its biophysical context. This approach would see 
government anticipating potential future systemic impacts such as finite fuel 
depletion and increasing harsh weather events in order to determine safe tolerance 
limits in human activity. 
A recent report, with both a national and state focus, which does acknowledge the 
importance of biophysical constraints on Australia’s resource productivity, is the 
Victorian Food Supply Scenarios - Impacts on availability of a nutritious diet.379 This 
study explores future food issues in the context of water availability, climate change, 
peak oil, fertiliser accessibility and population growth,380 and finds significant 
potential future vulnerabilities. They state that, “the domestic production of a surplus 
of required foods – at either Victorian or Australian level – must not be taken for 
granted,” and that a strategic approach to resource allocation is of critical 
importance, “if the multiple objectives of food security, energy security, greenhouse 
                                                 
375 Also refer to Figure 1a for discussion on these differing world-views. 
376 State of the Environment Advisory Council, "Australia: State of the Environment.", 10-12 
377 Sunshine Coast Regional Council, "Sustainability Advisory Panel Minutes,"  (Nambour: 2009). 
378 M Hopkins, K Leopold, and S Phillips, "Local Growth Management Strategy Natural Environment 
Assessment Stage 1 - Ecological Context. Report to Port Macquarie - Hastings Council,"  (Biolink 
Ecological Consultants, 2009). 
379 Larsen et al., "Victorian Food Supply Scenarios - Impacts on Availability of a Nutritious Diet." 
380 Ibid., 5-9 
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emissions reductions, sustainable resource use, a healthy environment and a viable 
economy are to be achieved.”381 One key platform upon which this Victorian study is 
based, is the acknowledged priority of biophysical constraints. While the authors 
concede that market forces and changing prices do potentially impact resource 
production, in some critical resources such as oil, they state that such factors are 
unlikely to generate extra production if the physical availability is inherently 
limited.382 They conclude that despite prevailing arguments that energy constraints 
can be overcome through market forces, “[b]y assessing the physical limitations, it is 
evident that there are real constraints on how much can actually be provided from 
what is ultimately a finite resource base.”383 
5.4.3 Regional 
Differences between the Australian government and the Sunshine Coast Regional 
Council’s framing of socio-environmental interests (Figures 1a and 1b), indicates at 
least the beginnings of a change in attitude towards population issues at a regional 
scale.384 However, even though some local authorities are now aiming for carrying 
capacity-led limits to regional population growth, actual implementation of carrying 
capacity assessment modelling has been limited. 
One example of a regional awareness of carrying capacity constraints is evident in 
the Redland City Council’s 2010 Community Plan385 which aimed for, “a sustainable 
carrying capacity for the Redlands,” by commissioning a study that, “identifies 
sustainable population and dwelling numbers for the Redlands.” However, when this 
study was released in 2011, its aims were diminished somewhat and instead of 
quantifying actual population capacity numbers, it sought to merely identify the 
elements that influence sustainable population management.386 The report 
consequently generated a system of environmental, economic and social indicators 
such as housing supply, biodiversity, employment and productive land, which 
                                                 
381 Ibid., 86 
382 Ibid., vi 
383 Ibid., vi 
384 For the purposes of this section (5.4.3), the term regional refers to geographic scales smaller than 
national and state scales. In many cases, this may mean a scale equivalent to local government areas 
which could encapture both metropolitan and non-metropolitan locations. 
385 Redland City Council, "Redlands 2030 Community Plan.", 38 
386 Halcrow Pacific, "Redlands Sustainability Study - Final Report,"  (Melbourne: Redland City 
Council, 2011)., iii 
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highlighted future impacts of population growth.387 This report provides valuable 
information about a wide range of impacts, but unfortunately falls short of addressing 
its original carrying capacity related objective. For instance, if it were to ascertain the 
sustainable population for the region according to its productive land indicator, it 
would need to make an assessment of the population by which the landscape could 
support. Instead, the report examines only the amount of land likely to be withdrawn 
from productive purposes in the future without correlating this with the requirements 
of the local population for future food production. Again, the aims of the study were 
changed from the original version which referred to feeding future populations,388 to 
one with less emphasis on any future self-reliance.389 
The assessment of potential agricultural productively is another activity with 
future importance to carrying capacity constraints which, to date, has occurred 
largely on a regional scale. This form of land-use mapping is known as either land 
capability or suitability assessment. 390 According to van Gool et al.,391 land suitability 
is the more appropriate term as it involves the process of attributing the fitness of a 
given type of land to a specific land-use purpose rather than just allocating a land 
rating regardless of purpose. Consequently, whereas land capability assessments 
merely offer one ranking for a particular piece of land, suitability assessments give 
the same piece of land a variety of rankings according to a range of potential 
purposes. For instance, Western Australia has introduced a scheme to assess land 
suitability against five potential land uses: grazing, cropping, perennial horticulture, 
annual horticulture and rural residential developments.392  This process of estimating 
landscape potential for alternative uses to ascertain the consequences of future land-
use changes393 is valuable to the process of carrying capacity assessment which relies 
on such data for forward estimates. However, within Australia, regional land 
                                                 
387 Ibid., iii 
388 Redland City Council, "Redlands 2030 Community Plan.", 34 
389 Halcrow Pacific (Halcrow Pacific, "Redlands Sustainability Study - Final Report.", 37) state that, 
“agriculture and associated activities are an important part of the character and history of the 
Redlands,” omitting the words, “and to feed future populations” which was included in the original 
version (Redland City Council, "Redlands 2030 Community Plan.", 34). 
390 FAO, "A Framework for Land Evaluation," in Soils Bulletin (Rome: FAO, 1976). 
391 van Gool, Maschmedt and McKenzie in N. J. McKenzie et al., Guidelines for Surveying Soil and 
Land Resources (Collingwood: CSIRO, 2008)., 437 
392 D. van Gool, G. Moore, and P. Tille, "Land Evaluation Standards for Land Resource Mapping," 
Resource Management Technical Report 298 (2005)., 71 
393 McKenzie et al. state, “land evaluation is the process of estimating the potential of land for 
alternative kinds of land-use so that the consequences of change can be predicted.” McKenzie et al., 
Guidelines for Surveying Soil and Land Resources., 428 
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suitability assessment is currently inadequate as its coverage is incomplete,394 
classification systems and data collection is inconsistently recorded across the 
regions395 and there is currently no central repository of data.396  
There are a variety of land suitability classification systems in place throughout 
Australia, largely reflecting a state-by-state administration of the process. The 
foundations for these schemes397 can be found in the United Nation’s Food and 
Agriculture Organization guidelines published in 1976.398 This Framework specifies a 
system of suitability orders, classes, subclasses and units which rate landscapes with a 
higher and lower suitability ranking. For example, in Queensland,399 Victoria400 and 
Western Australia,401 five land suitability classes are used, with land suitability decreasing 
progressively from class 1 to class 5. New South Wales, on the other hand, uses an eight 
class system of assessment402 while Tasmania uses a seven class approach.403  
Concerning coverage of land suitability mapping across the states and regions of 
Australia, Western Australia has conducted land suitability mapping for much of the 
state,404 while other regions in Australia are less advanced.  A recent Australian 
Government report405 into the current investment in soils research development found 
that only 30 to 40 percent of Australia’s dryland cropping lands have been assessed at 
adequate spatial resolution, with much of this mapping lacking a full suite of attributes 
such as soil type, fertility, water holding capacity and land suitability. The report 
                                                 
394 van Gool, Moore, and Tille, "Land Evaluation Standards for Land Resource Mapping.", 3 
395 Australian Government, A Stocktake of Australia’s Current Investment in Soils Research, 
Development and Extension: A Snapshot for 2010-11, ed. DAFF Soils Research Development and 
Extension Working Group (Canberra: Department of Agriculture, Fisheries and Forestry, 2011)., 25 
396 Ibid., 72 
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Resources., 437 
398 FAO, "A Framework for Land Evaluation." 
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Gool, Moore, and Tille, "Land Evaluation Standards for Land Resource Mapping.", 2, 
405 Australian Government, A Stocktake of Australia’s Current Investment in Soils Research, 
Development and Extension: A Snapshot for 2010-11., 25 
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highlights that the Murray-Darling irrigation areas, which form a significant part of 
Australia’s food production zone, in particular, are in need of further assessment. 
The scale of land suitability assessments also differs from state to state and 
between regions within each state. The appropriate scale for the usage of land 
suitability mapping in the process of carrying capacity assessments would be 
dependent on the scale at which assessment is sought. For instance, Noble406 states 
that scales of 1:5000 or 1:10,000 are most suitable for planning at the farm scale 
while 1:25,000 is best for catchment planning and 1:50,000 or 1:100,000 scales are 
most appropriate for district and regional planning. Van Gool et al.407 concur that 
assessments at scales between 1:10,000 and 1:50,000 are best for strategic planning 
of intensive land-use developments including urban development, farming 
enterprises and forestry production. However, much of Australia’s landscape analysis 
has been conducted at scales of 1:100,000 or 1:250,000408 so there is still much work 
to be done in this regard before the scale of land suitability mapping might be 
publicly available for small-scale carrying capacity assessments.  
The responsibility for assessment and storage of land suitability mapping in 
Australia has largely been a state-based concern although according to van Gool et 
al.,409 in recent years the role of natural resources management has increasingly 
become decentralised, stimulating demand for land evaluation at the local and regional 
level. Imhof et al.410 agree that regional assessment has recently gained prominence in 
the minds of key stakeholders, including government agencies, industry groups, and 
catchment management authorities; and McKenzie et al.411 also argue that interest is 
growing, mostly as a result of farmers recognising the value of such information to 
their farm management practices. While such small-scale approaches to landscape 
suitability assessment will be essential to future carrying capacity assessments at a 
similar scale,412 it seems that the highest current priority should be towards 
rationalising the assessment system to facilitate cross referencing and integration of 
                                                 
406 K. E. Noble, "Land Capability Survey of Tasmania - Pipers Report,"  (Hobart: Department of 
Primary Industry, 1992)., 9 
407 van Gool, Moore, and Tille, "Land Evaluation Standards for Land Resource Mapping.", 5 
408 Australian Government, A Stocktake of Australia’s Current Investment in Soils Research, 
Development and Extension: A Snapshot for 2010-11., 74-83; M. Imhof, P. Rampant, and M. Bluml, 
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410 Imhof, Rampant, and Bluml, "The Future of Land Resources Assessment in Victoria.", 6 
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the existing state-based information. Van Gool et al.413 thus suggests that all available 
land resource surveys should be re-interpreted and correlated under a unified national 
system which he suggests should be administered by the Australian Soil Resource 
Information System (ASRIS). While ASRIS has successfully brought together a 
diverse array of state-managed soil information, to date it has not provided a system 
for re-interpreting this data as land suitability assessments.414 
5.5 Summary 
This chapter used a whole-of-system framework415 to examine the possibility that the 
contemporary global population may be approaching a carrying capacity crisis. This 
framework involved three key foci: resource demands, environmental impacts and 
societal structures. 
The resources found most likely to cause a carrying capacity crisis were water and 
food. Water supplies potentially could prove dangerous low or of poor quality in some 
areas as growing populations put pressure on their local water supplies. It was also 
established that risks to water supplies are likely to create threats to food supplies, 
through lack of water for crops. These two elements are inextricably linked with lack of 
food likely to be the largest direct risk in any potential global carrying capacity crisis. 
While current world-wide food production largely manages to keep pace with 
population demand,416 the risk to global food stocks is likely to be exacerbated by the 
future peaking of fossil fuel supplies, with some reports suggesting a peaking of oil 
within the next ten years.417 Deleterious environmental impacts from human activity are 
only likely to exaggerate any threats to populations’ food and water supplies with land 
clearing and degradation, biodiversity loss and climate change all potentially effecting 
future agricultural yields. 418 While population deceleration by natural means such as 
demographic transition can play a role in slowing momentum towards a carrying 
capacity crisis, it seems unlikely it will impart enough influence in sufficient time, so 
more direct responses will need to occur at global, national and regional scales. 
 
                                                 
413 van Gool, Moore, and Tille, "Land Evaluation Standards for Land Resource Mapping.", 3 
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6. Carrying capacity assessment model types 
While simple carrying capacity equations419 can provide theoretic indications of 
general trends420 and basic methodological signposts,421 they are insufficient for 
comprehensive carrying capacity assessment. Instead, these formulae need to be 
developed into more complex models which can synthesise a range of interrelated 
data and be potentially applicable to actual, rather than theoretical, places and 
populations. 
As previously defined,422 carrying capacity assessment estimates the maximum 
number of people that an area of land can support. A satisfactory carrying capacity 
model would thus need to encapsulate sufficient aspects of land-usage that impinge 
on population maximums. 
Within carrying capacity literature, minor variations exist in the manner to best 
arrange the physical and sociological components of a carrying capacity model, but 
generally, they encapsulate similar fundamentals. For example, Fearnside423 cites 
population, a particular area, environmental degradation plus a combination of 
technology and consumptive habits; House and Williams424 propose resource 
production, environmental assimilation, infrastructure delivery and quality of life 
concerns; Thurow425 proffers production, consumption, egalitarianism and social 
discipline; while Hardin426 reduces resources and lifestyle to a concept of cultural 
carrying capacity. Despite these differences, most authors define the limits to 
population by either their required inputs or subsequent outputs. Whether these 
inputs and outputs are culturally, technologically, economically or physically 
determined, they still form the basic determinants of carrying capacity. So, in 
essence, resources form the limiting factor on the input or supply side of the equation 
while environmental impacts form the opposing carrying capacity barrier on the 
                                                 
419 Examples of carrying capacity equations are given in Chapter 3.3 Population dynamics formulae. 
420 For example, Ehrlich and Holdren’s IPAT formula. Ehrlich and Holdren, "Human Population and 
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output side. The population is wedged between these barriers but can alter the 
demands of each by collectively altering its behaviour. 
An assessment of current carrying capacity literature suggests that methodologies 
can be categorised into approaches that focus more or less on the various components 
of a basic carrying capacity model (Figure 14). These elements include global 
boundaries, local boundaries, resources, population and impacts. Ultimately global 
limits form the outermost boundary for humanity’s carrying capacity. However, this 
level of analysis may not be the most appropriate scale for measuring population 
carrying capacity. Many authors427 subscribe to more localised boundary delineation 
within which to define smaller populations. Resource inputs and impact outputs are 
positioned both within local and global boundaries as they can potentially occur at 
both scales. As Durham428 points out, “[l]imits exist in both the resource and sink 
functions of the environment.” 
PopulationResources
Local boundary
Impacts
Global boundary
inputs outputs
 
Figure 14. Carrying capacity modelling can be encapsulated in a simple input-output diagram.  
All populations require physical inputs or resources to survive including energy, 
food, water and materials for shelter.429 The collection, production and utilisation of 
these resources rely on a certain area of land for the population in question. The 
boundary encircling these resources can be local and/or global. The utilisation of 
resources by a population is also likely to lead to certain physical outputs within 
either a global or local land area. These outputs may include environmental effects, 
                                                 
427 Localised carrying capacity assessment have been conduct by various authors including: Michelle 
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waste products and climate change. In the case of carrying capacity assessment these 
outputs are likely to either enhance or, more likely, reduce carrying capacity, so 
could be viewed as impacts.  
Five carrying capacity assessment types are thus identified: global, local (impacts 
derived), local (population derived), local (resources derived) and local (whole 
system derived). Even though international trade currently facilitates resource 
utilisation often at the global scale there are compelling reasons to also evaluate 
carrying capacity at a much smaller scale. In an energy-constrained future society, a 
more localised mode of production and consumption is likely to provide a more 
reliable source of essential resources with less reliance on long-distance transport. 
For example, local production of heavy and frequently used goods such as food 
would save a great deal on transportation energy costs. Gutteridge430 concurs that, 
“the transfer of goods, the dumping of wastes or other forms of disturbance that may 
impact on Earth’s natural capital, and crucially its productive potential, must be 
considered if government policy is to aim society toward sustainability. Hence, 
transportation or the reduction thereof, is a crucial component of sustainability even 
though it has traditionally not been considered a high priority issue in the 
environmental or sustainability discourse.” 
The categorisation of carrying capacity models into their global and local 
typologies best reflects the ideal whole-of-system approach identified in Figure 1b, 
where societal systems are encapsulated by the physical environment. In carrying 
capacity typologies, the environment is represented at two scales, global and local; 
while the population is representative of society; and society’s systems, at their most 
fundamental level, can be viewed as the flow of resources through the system. 
Consequently, this categorisation is seen to be consistent with the aims of this thesis, 
and is also an ideal way to reinforce the world-view represented by Figure 1b. 
6.1 Global carrying capacity assessment models 
A globally-derived carrying capacity assessment model assesses the ability of the 
entire planet to support the global population, incorporating resource supplies, 
societal demands and environmental impact capabilities (Figure 15). Given that our 
present system of resource utilisation is generally global in nature, this scale of 
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analysis is actually the only typology truly representative of current circumstances. 
However, the sheer size of a global carrying capacity analysis makes it problematic, 
if not impossible, certainly with existing land-use data. Nevertheless, Joel Cohen431 
lists no fewer than 50 examples, displaying various degrees of sophistication and 
credibility, which have derived global population capacity estimates ranging from 
half a billion to one trillion people.  
PopulationResources Impacts
Global boundary
 
Figure 15. A global-focused carrying capacity model without a local boundary. Each component of 
this input-output process potentially affects the carrying capacity of the global sphere. 
Two other globally-focussed forms of analysis, the Limits to Growth432 and 
Ecological Footprint433 models, exhibit informative characteristics without directly 
aiming to measure global carrying capacity. While their global focus helps to 
illuminate current population crises, it can also serve as a weakness, when, for 
example, localised responses to any such crisis may require detailed regional 
analysis. For instance, without the collection of data on the productive potential for 
localised areas, it is impossible to suggest an appropriate localised re-distribution of 
the population or any alterations in land-use practise or changes in diet that might 
optimise carrying capacity.434 
6.1.1 Limits to Growth 
Over the last forty years, a group of scientists (principally Meadows, Meadows, and 
Randers) commissioned by an international think-tank, the Club of Rome, have 
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433 W Rees, "Ecological Footprints and Appropriated Carrying Capacity: What Urban Economics 
Leaves Out," Environment and Urbanization 4, no. 2 (1992). 
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produced a series of books on the Limits to Growth435 investigating the trajectory of 
modern society. Their system dynamics computer model, World3, was developed to, 
“understand the broad sweep of the future - the possible modes, or behaviour 
patterns, through which the human economy will interact with the carrying capacity 
of the planet over the coming century.”436 While this model did not specifically 
derive a global carrying capacity estimate, the very process adopted meant that their 
modelling explored the limits to global population, and hence, obliquely at least, its 
carrying capacity. 
The results of World3 predictions are largely indicative rather than quantitative.437 
For example, projections are typically illustrated by graphs depicting a timeframe on 
the x-axis but an indeterminate scale on the y-axis.438 Consequently, the rise and fall of 
various production and consumption parameters in relation to each other is more 
important than their actual amounts. As such, one valuable aspect that Meadows et al. 
brought to carrying capacity modelling was the integration of feedback mechanisms. 
For example, food production, industrial output, pollution, resource depletion and 
global population were all interconnected in their model, where any change in one of 
these societal parameters would have an equivalent impact on another. 
Even in 1972, projections produced by World3439 showed a tendency towards 
future human population collapse and Meadows et al.440 have since discounted the 
likelihood of a smooth levelling off of population in accord with either the 
Verhulstian logistic growth curve (Figure 4) or current UN projections (Figure 5). 
They argue that in order for a population to gradually reduce its growth rate as it 
approaches its carrying capacity, as per the logistic curve, it needs to act promptly to 
the accurate and timely signals of system limits such as resource availability and 
pollution impacts. They argue that in the absence of this timely adjustment, the 
trajectory of human population is likely to either be one of overshoot and oscillation 
or overshoot and collapse (Figure 16). In both cases, the carrying capacity of the 
global environment is degraded but collapse occurs when severe and long-term 
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degradation is apparent. Given the lack of global attention given to various 
environmental indicators and the interconnectedness of various societal parameters 
leading to feedback loops which exacerbate negative consequences, according to the 
World3 model the most likely outcome is overshoot and collapse.441 
 
Figure 16. Meadows et al.442 variations on how populations in overshoot might realign with its 
carrying capacity. Left: Oscillating equilibrium. Right: Collapse. 
While the Limits to Growth modelling has received some criticism,443 other authors 
such as Bardi444 and Turner445 have compared the original projections with actual data 
from the past 40 years and have found that so far, their predictions are reasonably 
accurate. While the World3 model highlights general trends, its relevance to carrying 
capacity modelling is limited. Some global carrying capacity analysis was conducted in 
later versions of their modelling, but according to Meadows et al.446 these estimates 
were derived largely from another modelling approach, Ecological Footprint analysis. 
6.1.2 Ecological Footprint 
Authors such as Meadows et al.447 and Catton448 described global carrying capacity 
overshoot in the 1970s and 1980s in theoretical terms without the ability to 
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adequately measure it. The problem they faced included the sheer size of the exercise 
on a global scale together with the complication of incalculable amounts of imports 
and exports of resources and environmental impacts flowing between regions. To 
combat this challenge, Mathis Wackernagel, and his thesis supervisor William Rees, 
developed an approach in the early 1990s known as Ecological Footprint analysis449 
which converted human activity into land requirements with the aim of establishing 
its ecological impact.450 
Ecological Footprint is an inversion of the carrying capacity approach. While 
carrying capacity assessment begins with a specific landscape and derives a 
population per area outcome, Ecological Footprint takes a population and estimates a 
land requirement per person result.451 Accordingly, it first determines the demands of 
the population, either at a global or local scale and then calculates the amount of land 
that this set of lifestyle parameters would require. The land requirement however, 
could be drawn from anywhere on the planet,452 is consequently usually measured in 
global hectares, and illustrates the condition of ecological overshoot when exceeding 
the actual land available. Given the globalised nature of modern trade, proponents of 
this approach argue that Ecological Footprint analysis is thus an accurate 
representation of existing circumstances453 where the geographic scale of 
consumption is variable while the global scale of production is fixed. In isolated 
cases, smaller-scale production data has also been incorporated into Ecological 
Footprint methodologies, with Lenzen and Murray454 and Bicknell et al.455 utilising 
national production data for their assessments of Australian and New Zealand. For 
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example Lenzen and Murray found that Australia’s Ecological Footprint of 13.6 
hectares per person was larger than results from previous alternate studies partly 
because, “actual areas of land used for agriculture and forestry are used, rather than 
areas converted to world-average productivity.”456 Such sub-global studies indicate a 
convergence of Ecological Footprint and carrying capacity analyses where both 
derive a locally-scaled result. However, in the assessment of self-sufficiency (which 
carrying capacity assessment inherently implies), the carrying capacity approach is 
the more appropriate option because it inherently assumes fixed landscape boundary 
delineation within which all resources are generated and waste assimilated. Any 
inclusion of land outside a predetermined localised boundary, such as that which is 
appropriated by Ecological Footprint analysis, contradicts the concept of self-
sufficiency. 
In developing the Footprint model, Wackernagel457 divided both consumption and 
land-use into various categories in order to keep it quantifiably manageable. 
Consumption parameters comprise food, housing, transportation, consumer goods 
and services while land-use categories include fossil energy equivalent, built 
environment, gardens, crop land, pasture, managed forests and non-productive 
areas.458 While seven of these eight categories are derived from existing land-use 
data, the fossil energy equivalent is an assumed figure that attempts to translate the 
use of non-renewable energy sources into equivalent land area requirements. 
According to the Global Footprint Network,459 the amount of land required to 
perform this function has grown ten-fold in the last 40 years and is now, “the largest 
contributor to humanity‘s current total Ecological Footprint.” Wackernagel460 
explored three potential approaches to the calculation of this feature, firstly, by 
estimating the amount of land required to replace existing fossil fuel production with 
ethanol grown from cropland. While acknowledging that this approach would require 
                                                 
456 Lenzen and Murray, "A Modified Ecological Footprint Method and Its Application to Australia.", 
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457 Wackernagel, "Ecological Footprint and Appropriated Carrying Capacity: A Tool for Planning 
toward Sustainability"., 101 
458 Ibid., 103. In the most recent publication of Ecological Footprint methodology, the land-use 
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footprint (formerly known as fossil energy equivalent) and built-up land. Michael Borucke et al., 
"Accounting for Demand and Supply of the Biosphere’s Regenerative Capacity: The National 
Footprint Accounts’ Underlying Methodology and Framework,"  (Oakland, CA: Global Footprint 
Network, 2011)., 10-13 
459 Borucke et al., "Accounting for Demand and Supply of the Biosphere’s Regenerative Capacity: 
The National Footprint Accounts’ Underlying Methodology and Framework.", 13 
460 Wackernagel, "Ecological Footprint and Appropriated Carrying Capacity: A Tool for Planning 
toward Sustainability"., 105 
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substantial infrastructural changes to accommodate a new fuel source, Wackernagel 
points out that this approach would, theoretically at least, illustrate a viable 
alternative to the existing use of fossil fuels. His second alternative was to estimate 
the amount of land required in sequestering the carbon dioxide emitted by the 
burning of fossil fuels. This approach converts the existing environmental impacts of 
fossil fuel usage into an equivalent land area value, but only addresses the aspect of 
carbon emissions and, in the absence of a strategy to transition to renewable sources, 
seems to ignore the finite nature of the fossil fuel source. Lastly, Wackernagel461 
described his third approach as, “assessing the land area required to rebuild a natural 
capital stock at a rate that is equivalent to the consumed fossil fuel.” Essentially, this 
strategy involves the growing of trees for firewood at a rate and amount (in energy 
value) equivalent to current fossil fuel usage.462 It takes a similar approach to the 
ethanol option in assuming that vegetative matter could substitute fossil fuel 
production but also suggests that the only form of land required in addressing the 
problem is timbered land, potentially excluding the necessity to encroach on arable 
land. Interestingly, each approach generated a similar land requirement and 
Wackernagel eventually settled on the sequestering approach in which he estimated 
that each hectare of land could potentially absorb 100Gj of energy. It could be 
argued, however, that only the ethanol alternative offers a truly sustainable option 
because it caters to a phasing out of finite fossil fuel supplies. 
The proponents of Ecological Footprint analysis have developed and refined their 
methodology since its inception over 20 years ago and recent improvements include 
more comprehensive accounting procedures463 and previously omitted resources such 
as fisheries.464 Over this period, a growing number of government agencies, 
organizations and communities have adopting the Ecological Footprint as an 
indicator of sustainable resource usage and the Global Footprint Network has 
emerged as an international co-ordinating agency to raise awareness and set 
international standards.465  
In contrast to a carrying capacity approach, Ecological Footprint analysis 
generates nominal rather than geographically-specific land requirements. For 
                                                 
461 Ibid., 106 
462 Ibid., 255 
463 Mathis Wackernagel et al., "National Footprint and Biocapacity Account 2005: The Underlying 
Calculation Method,"  (Oakland, Calif: Global Footprint Network, 2005)., 5 
464 Ibid., 8 
465 Global Footprint Network, "Application Standards," Global Footprint Network, 
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example, an analysis of Australia466 may find that each Australian requires seven 
global hectares for their resource demands. As the description suggests, these seven 
global hectares are not necessarily tied to any specific geographic location, but 
rather, form a generic landmass. Consequently, its originators also referred to the 
process as “appropriated carrying capacity.”467 This approach is useful in comparing 
the demands of affluent lifestyles with those less privileged. For instance, at 0.7 
global hectares, Bangladesh’s Footprint468 is a tenth of Australia’s. Ecological 
Footprint analysis is also an excellent measure of humanity’s ever-increasing 
demands on the natural environment as a whole.469 However, as a land-use planning 
tool, its effectiveness can be limited by a focus on the global rather than local 
landscape. Lenzen and Murray470 also suggest that Ecological Footprint analysis, 
particularly in its earliest examples, did not adequately reveal the location, nature or 
severity of ecological impacts. A further criticism levelled against this approach is 
that it is orientated towards an assessment of existing circumstances471 rather than an 
exploration of potential alternatives. As its name suggests, Footprint connotes an 
assessment of what has happened in the past or present, thus a society leaves a 
footprint. Wackernagel’s472 definition of the Ecological Footprint approach seems to 
reinforce this criticism when he describes it as, “the land that would be required now 
on this planet to support the current lifestyle forever.” Alternatively carrying capacity 
assessment more easily accommodates an anticipatory design process at scales 
smaller than the global level because it involves the assessment of real pieces of land, 
with actual rather than appropriated attributes, against which future options in human 
behaviour can be measured. 
While Wackernagel’s original Ecological Footprint analyses were represented 
merely as a collection of mathematical output, the most recent mapping and online 
tools are both engaging and educational. For instance, the Global Footprint Network 
                                                 
466 ———, "Country Trends - Australia," Global Footprint Network, 
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467 Rees, "Ecological Footprints and Appropriated Carrying Capacity: What Urban Economics Leaves 
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offer maps highlighting the extend of global ecological overshoot473 as well as an 
interactive tool (Figures 17 and 18) which takes users through a series of questions 
associated with their diet, energy use, transport, housing and recycling choices. The 
technique employed to illustrate these processes is the depiction of an online avatar 
representing the user, who walks around a suburban house while various consumer-
driven choices are made and then visually added to the scene. The process 
culminates in a summary of the user’s Ecological Footprint either as a summary or 
with more detail including their global hectare requirements in land-type form (in a 
bar graph) or consumer-consumption form (in a pie chart) and finally in an visual 
representation of how many earths it would take if the global population adopted the 
same lifestyle. Users then have the opportunity to revise their lifestyle choices to 
investigate which ones made the largest impact. McManus and Haughton,474 suggest 
that interactive tools such as Global Footprint Network’s Footprint Calculator 
possesses, “major visual and common-sense appeal, making it a useful tool for 
raising awareness of issues.” 
Figure 17. Global Footprint Network’s online Footprint Calculator:475 Various choices such as 
dietary choices are offered as slider bars. 
 
 
 
 
                                                 
473 Michael Borucke et al., "The National Footprint Accounts: 2011 Edition, Working Paper,"  
(Oakland, CA: Global Footprint Network, 2012)., 6 
474 Phil McManus and Graham Haughton, "Planning with Ecological Footprints: A Sympathetic 
Critique of Theory and Practice," Environment and Urbanization 18, no. 1 (2006)., 126 
475 Global Footprint Network, "Footprint Calculator," Global Footprint Network, 
http://www.footprintnetwork.org/en/index.php/GFN/page/calculators/. 
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Figure 18. Global Footprint Network’s online Footprint Calculator:476 
The user takes on an avatar who inhabits a suburban scene which is progressively illustrated while 
lifestyle choices are made. Then, at the end of the process, the user is informed of their global 
footprint and the proportion of land-uses required such as land for food, shelter, mobility, goods and 
services. 
6.2 Local carrying capacity assessment models - impacts focus 
Local carrying capacity assessment refers to analyses conducted at a scale smaller 
than the global level. An impact variant of this type of analysis primarily focuses on 
the output side of the input-output equation (Figure 19). While society’s current 
utilisation of resources often occurs predominantly at a global scale, its impacts are 
often felt at a more local scale. For example, food resources are often produced 
globally (or in Australia’s case, nationally) so might occur outside a local boundary, 
but once the population has consumed the food, any food scraps destined for local 
landfill or sewage sent to local treatment plants is likely to generate local impacts.477 
PopulationResources Impacts
Local boundary
Global boundary
 
Figure 19. A locally-focussed carrying capacity model constrained by impacts where the majority of 
resources are produced external to the local boundary but impacts are often experienced locally. 
                                                 
476 Ibid. 
477 Other global impacts, on the other hand, would include climate change. 
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Physical impacts are often measured by environmental indicator studies such as 
the State of the Environment Reports478 conducted periodically both nationally and 
by states in Australia. However, it is only when the parameters of such studies link a 
certain number of people directly to a certain environmental impact, that they could 
be considered carrying capacity related.  
 Proponents of this environmental impact approach include McConnell,479 who 
suggests that carrying capacity can in fact be defined as the “long-term capacity of 
the natural environment to detoxify pollution,” together with Dietz and Rosa,480 and 
Graymore et al.481  
6.2.1 Southeast Queensland (impacts) 
As part of her PhD thesis, Michelle Graymore482 developed a tool for assessing 
sustainable carrying capacity by examining the impacts of human activities at a 
regional scale483 and applying the model to Southeast Queensland. Her aim was to 
look at the “nature-society interactions (impacts) on the region in a method that can 
be used by everyone due to its simplicity, ease of data requirements and educational 
use, with results which are easy to understand, communicate and apply to policy.”484 
Graymore identified six parameters by which to measure regional carrying 
capacity: population, equity, physical restructuring, over-harvesting, waste residuals 
and introduced species.485 While population and equity are largely social issues, the 
remaining aspects relate to environmental impacts. Each of these parameters are 
assigned a sustainability ranking and are then totalled with a final score of 1.9 given 
                                                 
478 For example: State of the Environment Advisory Council, "Australia: State of the Environment." 
479 McConnell (R McConnell, "The Human Population Carrying Capacity of the Chesapeake Bay 
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480 Dietz and Rosa, "Effects of Population and Affluence on CO2 Emissions." 
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Sustainability Assessment." 
482 Graymore, "Journey to Sustainability: Small Regions, Sustainable Carrying Capacity and 
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waste, recycling) and introduced species (pests, exotics, threatened species). 
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for Southeast Queensland on a scale where a rating of one is unsustainable, two is 
approaching unsustainability, three is approaching sustainability and four indicates 
sustainable practice.486 
Graymore’s modelling successfully accomplishes her aims for the translation of 
complicated data into simple and easily understandable sustainability measures. 
However, despite the title of the model being the Sustainable Carrying Capacity 
Assessment tool, its quantitative measurement of carrying capacity is limited. Rather 
than establishing a direct relationship between environmental impacts and population 
thresholds, Graymore487 characterises carrying capacity as the point at which 
unsustainable outcomes take place. She explains that if the model’s parameters, “are 
found to be at an unsustainable level by the assessment, the assessment suggests that 
human activity has exceeded the region's carrying capacity.” For example, 
Graymore’s488 indicator for remnant vegetation suggests that 80 percent cover is 
sustainable while 10 percent is unsustainable and that Southeast Queensland’s level 
in 2005 was 35.4 percent, so is approaching unsustainability.489 This approach 
successfully identifies sustainability metrics, but in order for it to be incorporated 
into a carrying capacity model, the analysis would also require a further 
methodological step of ascribing a certain population to the 80 percent, 10 percent 
and 35.4 percent levels. 
Other, similarly impact-focused analyses have also struggled to formulate an 
actual population carrying capacity number. McConnell490 for example, examined 
comparable criteria to Graymore, including pollutants, waste, over-harvesting and 
runoff but rather than establishing population limits in relation to contemporary 
issues, the study isolated the year at which unacceptable impacts began, and offered 
the population for that year (8.3 million people in 1950) as the population threshold. 
The examples of Graymore and McConnell serve to illustrate the difficulties in 
using impact-based analyses to estimate population carrying capacities. Using the 
example of remnant vegetation above, it would appear to be difficult, if not 
impossible, to establish how many people a piece of land with 35.4 percent remnant 
                                                 
486 Graymore, Sipe, and Rickson, "Sustaining Human Carrying Capacity: A Tool for Regional 
Sustainability Assessment.", 464 
487 Ibid., 461 
488 Ibid., 463 
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490 McConnell studied Chesapeake Bay. McConnell, "The Human Population Carrying Capacity of 
the Chesapeake Bay Watershed: A Preliminary Analysis.", 343 
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vegetation could support because there are few direct and measurable needs drawn 
from that 35.4 percent on a per person basis. No doubt, remnant vegetation is 
ultimately essential to support human life through the various eco-system functions it 
supplies such as clean air and water. However, ascribing a square meterage per 
person is problematic. 
6.3 Local carrying capacity assessment models - societal focus 
Societally focused carrying capacity models offer threshold limits based entirely on 
societally-orientated parameters and are generally characterised by self-imposed 
limits to the population, such as town planning strategies restricting further 
densification. While instructive from a planning perspective, these population-based 
models are not normally informed by the biophysical capacity of the landscape to 
either supply basic resources to the population or absorb impacts (Figure 20). Rather, 
these models focus on societally-imposed resources such as services and 
employment as well as impacts such as experiential amenity. For example, a location 
may be considered over-populated if there is a perceived lack of car parking 
(resource shortage) or if there is deemed to be too many cars on the road (impact to 
amenity). To measure these parameters would most likely involve a survey of public 
opinion on optimal traffic flows and car parking. In accord with a whole-of-system 
approach, (as per Figure 1b) where societal constraints are only a subset of 
biophysical constraints, this societally-orientated approach to carrying capacity 
assessment risks ignoring the finite nature of the physical environment within which 
society exists. 
 
 
Figure 20. A population-focused locally-bounded carrying capacity model where constraints are 
societally, rather than biophysically, imposed. 
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Some Australian local government jurisdictions, including the Douglas Shire in 
1994491 and Noosa Shire in 1996492 and 2001493 have published societally focused 
carrying capacity assessments. 
6.3.1 Noosa Shire 
Paul Summers’, Population Carrying Capacity in Noosa Shire 494 provides one 
example of a population-constrained method which is applied at a local scale. This 
report compares the population data of the 2001 Australian Census with Noosa 
Shire’s Draft Integrated Planning Act to arrive at a total resident and visitor 
population carrying capacity of 61,350 people. Summers495 states that this study 
should be used to “gauge both the needs of the community for the future and 
importantly, the ability to cater for those needs” by estimating the size and timing of 
services and infrastructure requirements relating to water supply, sewage, roads, 
parking and community facilities. Summers’ study takes an important step in 
beginning to link local government planning guidelines and infrastructure 
commitments to societal limits. However, the carrying capacity parameters are 
largely confined to just that - societally imposed limits based on existing lot 
configurations within the confines of existing planning policy, rather than physical 
resource limits or environmental impact limits. 
Given that Summers’ aims are demographically-based rather than resource-
driven, it makes sense for cadastral boundaries to delineate small regions within the 
Noosa Shire. This is achieved by breaking the Noosa Shire into 82 smaller spatial 
Collections Districts (CDs) and calculating the maximum population yield per CD 
based on existing development guidelines. However, Mochelle496 argues that the 
demarcation of spatial boundaries in accordance with statistical interests, rather than 
relatively immovable geographic boundaries, can lead to problems over time as they 
inevitably change with population fluctuations, various developmental imperatives 
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and government planning schemes. Since the release of Summers study, the Noosa 
Shire has subsequently been absorbed into a larger Sunshine Coast Regional Council 
which makes it more difficult for this region to adhere to its original population aims 
and seems to validate Mochelle’s concerns. 
6.3.2 Douglas Shire 
In the 1990s another Queensland council, the Douglas Shire commissioned Brannock 
Humphreys Planners to conduct a carrying capacity assessment which exhibited a 
societal orientation but also introduced some biophysical elements. 
As Banfield497 explains, “Douglas Shire has a stated policy to limit population 
growth to counter the impacts of population growth and tourism pressures.” In 1994 
it released a strategic plan reflecting these concerns which relied on three particular 
carrying capacity thresholds relating to transport infrastructure, water supply and 
economic viability.498 Rather than representing a full gamut of potential constraints, 
these three thresholds were chosen by the Douglas Shire for the sole reason that they 
were at risk of being breached at the time.499 For example, population maximums 
were established for societally acceptable levels of water usage (i.e. a population-
focussed interpretation of resource constraints), and it was then argued that building 
further dams would have an unacceptable environmental impact. Similarly, an 
economic analysis was conducted of the viability of the local sugar cane mill. Based 
on minimum productivity, an estimate was then made of the amount of sugar cane 
and subsequent agricultural land needed to service the mill. Consequently, this 
carrying capacity approach involves resource implications, but ultimately is derived 
from a societally-imposed constraint, being the economic viability of sugar cane 
processing. 
With community support, the Douglas Shire used local planning policy to enforce 
their population constraints. Banfield500 explains that the, “policy manifests itself in a 
restriction on residential rezonings and a restriction on electricity and sewage 
servicing of inhabited outlying areas.” 
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6.4 Local carrying capacity assessment models - resources focus 
While at present, at least in Australia, the majority of a local population’s resources 
are not normally produced within a local precinct, it is instructive to speculate on that 
very possibility. Given future constraints to fossil-fuel energy supplies, it is 
becoming increasingly obvious that in the near future, more of our resources will 
need to be produced locally in order to reduce reliance on energy-intensive 
transportation.501 Locally-bounded carrying capacity assessment models with a 
resource-based focus offer a way to test the potential capacity of such regions. This 
type of modelling assumes that most of the population’s resources as well as its 
environmental impacts occur within the local area (Figure 21). 
To date, only a limited number of carrying capacity assessments have been 
conducted which focus primarily on the availability of resources attainable within 
local land areas. Exponents include Gutteridge502 who estimated the carrying capacity 
of Southeast Queensland, Fairlie503 who examined Britain and Peters et al.504 who 
studied New York State with particular emphasis on diet and food-centred carrying 
capacity assessment. While these assessments incorporate regional, state and national 
boundaries, all three scales are smaller than global so for the purposes of this study, 
could be considered local carrying capacity assessment model variants. 
PopulationResources
Local boundary
Impacts
Global boundary
 
Figure 21. A locally focussed carrying capacity model constrained by resources where both resources 
and impacts are predominantly contained within the local boundary. 
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6.4.1 Southeast Queensland (resources) 
Michael Gutteridge developed a model for the estimation of local carrying capacity 
for Southeast Queensland conditions based on an average Australian lifestyle. In this 
thorough and forward-looking study, Gutteridge’s aim was to calculate the carrying 
capacity of Southeast Queensland, “for some date in the future, where it is expected 
that the population will be living off the Earth’s resource in a more sustainable 
manner than at present, at least by some inter-generational measure.”505 His carrying 
capacity calculations suggest that Southeast Queensland can accommodate 180,000 
people. 
Gutteridge’s calculations are based on a current Australian cultural profile506 
principally incorporating diet and energy needs. Some consideration is given to less 
land-intensive diets but the final calculation is based on the Australian Bureau of 
Statistics, Apparent Consumption of Foodstuffs507 research which estimates 
consumption of 16,033 kilojoules of food per day.508 Gutteridge then applies this total 
food consumption requirement to the amount of land available in Southeast 
Queensland in terms of grazing, water, broad acre and irrigated land areas509 to 
derive a final carrying capacity figure. Gutteridge also makes estimates of the 
amount of land required to grow biofuel and makes adjustments to carrying capacity 
accordingly. For instance, first he calculates that the bio-diesel required just for farm 
usage would require 376 square kilometres of canola crops and then suggests that 
three times this amount might be required for personal and commercial fuel uses. 
A provocative aspect of Gutteridge’s study is an exploration of potential alternate 
modes of production in an attempt to examine if carrying capacity could be improved 
in the future. As part of this process, Gutteridge discounts further irrigation and 
double cropping510 by suggesting that these aspects have already reached their full 
potential in Southeast Queensland; organic agriculture is evaluated511 and found to 
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produce smaller rather than larger yields; and greenhouses512 are viewed as unhelpful 
due to the existence of adequate year-round climatic conditions without weather 
protection. Once further production gains are eliminated as a future possibility, 
Gutteridge considers whether falls in production are likely513 and concludes that any 
sustainable use of Southeast Queensland’s agricultural land would require at least a 
25 percent reduction in usage by retiring or fallowing overworked fields. He states 
that this approach “would arrest the decline that has already been documented, and 
leave some natural capital in reserve to deal with some of the challenges that are 
looming on the horizon,” thus allowing for the repair of existing ecological damage 
and the provision for unexpected lean times, climate change, energy shortages or 
other catastrophes.514 
This study combines a thorough analysis of existing data with an exploration of 
possible future scenarios culminating in the sobering conclusion that the existing 
population of Southeast Queensland is 14 times over its resource-based carrying 
capacity. 
6.4.2 New York State 
Peters, Wilkins and Fick515 categorise the components of their carrying capacity study 
in a systematic and logical manner. They divide the available land types of New 
York State into three categories, which equate with agricultural quality: cropland 
usable for all crops, cropland limited to perennial crops plus pasture, and land limited 
to only pasture. Peters et al. also categorise human diet in some detail. They calculate 
carrying capacity of New York State according to 42 specific diets based on 
increasing levels of both fat and meat.516 A matrix of dietary possibilities combine six 
possible levels of fat consumption (52-117grams per day representing 20-45 percent 
total calories) and seven levels of meat (0-381grams per day).517 Peters et al.518 
suggest that this range of inputs best “represent the range of food comparison 
patterns – from low-fat, lacto-vegetarian to high-fat, meat-rich omnivorous.” A list of 
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foods suitable for production in New York State was then compiled and food 
combinations reflective of the 42 diets apportioned. These diets were all equal in 
their caloric content (2308 kcal per day)  and generally meet the USDA Food Guide 
Pyramid recommendations for a balanced diet but differed both in their fat and meat 
content and also in the seasonal availability of their ingredients.519 
The results of this study show an almost fivefold difference in land requirements 
ranging from 0.18 ha per person for low-fat eating vegetarians to 0.86 ha per person 
for low-fat high-meat eaters. 520 A summary of their method is as follows: 
1. Calculate energy of particular food items. 
2. List commonly consumed food items within 10 subgroups (grains, 
summer vegetables, winter vegetables, summer fruit, winter fruit, dairy, 
pulses / nuts / seeds, meat / eggs, oils, sugar). 
3. Estimate typical servings. 
4. Calculate energy per servings (in kilocalories). 
5. Apportion estimate of quantities of each food item as a percentage within 
each food group (given that a population may for instance eat more 
tomatoes than cabbage). 
6. Estimate servings of food for each of the 42 diets by calculating how 
many grams of grains, vegetables, dairy etc., would be needed to satisfy 
the corresponding amount of meat and fat in each diet. 
7. Calculate the percentage of total dietary energy required for each food 
group. 
8. Estimate percentage of eventual food product available for consumption 
given food system losses, inedible portions and cooking losses. 
9. Tabulate crop yields for each food item (weight of item per area of land) 
including feed requirements for animals. 
10. Estimate land available within study area (New York State) for 
agricultural production and re-categorise as land usable for any crop, land 
limited to perennial crops / pasture and land limited to pasture. 
11. Estimate annual per capita land requirements for food production for each 
of the 42 diets. 
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12. Divide available land by per capita requirements to ascertain carrying 
capacity. 
Peters, Wilkins and Fick’s model is amongst the most scientifically rigorous and 
methodical carrying capacity studies to date. However, it is sharply focussed on one 
particular location and models only two variables (fat and oil content) for a standard 
American diet. In order to adapt their method to a more generic Australian carrying 
capacity model, further variables affecting population land requirements would need 
to be added including other resources (such as fibre, firewood, biofuel and building 
materials) and other production systems (such as organics and irrigated or dry-land 
farming). Additionally, local data would need to be sourced concerning crop yields, 
food preferences, wastage rates and land usage. This study varied the diet by altering 
both fat and meat content and found that fat content had a much smaller impact on 
carrying capacity than meat. Consequently, for the purposes of a generic model, the 
variation of fat content in the diet may not be necessary. 
6.4.3 Britain 
The starting point for Simon Fairlie’s521 carrying capacity modelling was similar to 
Peters et al.522 in its investigation of the land requirements for food production. 
Fairlie’s enquiries began with the question, “Can Britain feed itself?”523 but 
eventually led him to also estimate other resource needs such as timber, biofuel and 
nature reserves as well as alternate production systems such as permaculture. By 
extrapolating data based on various agricultural systems of production, he has 
highlighted a worthwhile strategy for possible future methodologies. 
Fairlie examines production rates from three agricultural systems: conventional 
chemical-based farming, organic farming and an integrated permacultural approach. 
The key difference between organic and permaculture systems is that organic 
farming generally replicates a conventional system but replaces chemical fertiliser 
with green manure and crop rotation, while permaculture assumes a high degree of 
local self-reliance, nutrient recycling (such as human waste), intercropping and 
                                                 
521 Fairlie, "Can Britain Feed Itself?." 
522 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
523 Fairlie first produced a journal article titled Can Britain Feed Itself? (Fairlie, "Can Britain Feed 
Itself?.") and then replicated it as a chapter in his book titled Meat, A Benign Extravagance (———, 
Meat: A Benign Extravagance., 92) and included further exploration of biofuel production 
implications. 
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mulching. Although chemical farming is currently the norm and organic farming, an 
existing alternative, according to Fairlie524 neither leads to dramatic systemic changes 
in patterns of land-use, technology, societal institutions and demographic 
arrangements. In fact, he argues that a broad adoption of a vegan diet using chemical 
fertilisers might actually reinforce existing urbanisation trends by more easily 
supporting large centralised populations. However, Fairlie’s525 examination of 
permaculture as a possible future agricultural system led him to various alternate 
scenarios. For instance, he suggests that some of the measures incorporated into this 
system would require, “a change in our land management systems, and also in human 
settlement patterns,” and might lead to a more localised economy integrated with 
natural processes.  
Diet plays a key role in the method developed by Fairlie. He compares vegan and 
meat diets across all three agricultural systems and finds that the introduction of meat 
dramatically decreases population carrying capacities. Interestingly, the difference in 
land requirements of meat to non-meat diets is less dramatic in organic and 
permaculture systems because livestock play more than one role in the system such 
as providing fertiliser, fibre and milk, apart from just supplying meat. Fairlie adopts a 
simple British diet based more on food groupings than the products themselves. He 
also apportions each food group a daily per person caloric value, then sums daily per 
capita intake and sources data on equivalent land-use requirements. Generally, this is 
a common approach to food-constrained carrying capacity assessment calculations526 
and while the level of detail in this study is limited, the technique of altering the 
variables (i.e. meat versus non-meat diets) is instructive. However, a more detailed 
analysis of diet, such as that by Gutteridge,527 would perhaps have yielded results 
more closely aligned with the actual population in question. 
Dynamic, real-time analysis is not present in this study, but Fairlie528 does 
compare the carrying capacity of Britain in 2005 to that of 1975. He finds that over 
the 30-year period, crop yields had risen to the extent that 14 percent more people 
could be supported on the same diet while actually using less arable land. Some 
                                                 
524 Fairlie, "Can Britain Feed Itself?.", 20 
525 Ibid., 22 
526 Peters et al. also use this approach. Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for 
Estimating the Land Resource Requirements of Food Consumption and Agricultural Carrying 
Capacity: The New York State Example." 
527 Gutteridge, "Ecological Footprint and Carrying Capacity Studies of South East Queensland: A 
Comparison and Discussion of Results." 
528 Fairlie, "Can Britain Feed Itself?.", 19 
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reference is also made of a possible future energy descent529 necessitating an 
increased dependence on renewable resources and changes in dietary choices, bio-
fuel production and agricultural techniques. Fairlie530 points out that non-
conventional farming methods are likely to support a lower population than 
chemical-based production because yields are lower and, “more land is required to 
capture nitrogen either through green manure or through livestock.” Given future 
population pressure, Fairlie suggests that farming approaches may be dictated more 
by necessity than doctrine with chemical-based farming likely to adopt some organic 
practices and organic farmers forced to occasionally rely on available chemicals, 
although the long-term availability of these fossil-fuel based chemical fertilisers is 
not necessarily guaranteed. 
Fairlie531 states that the aim of his study is to ascertain land-use requirements in 
non-conventional agriculture given that the UK may have to become more self-
reliant in the future. To this end Fairlie’s study is innovative and thought provoking. 
However, Fairlie readily admits that this carrying capacity assessment study is far 
from comprehensive, describing it as a, “rough guide, and a useful framework for 
thinking about such matters.” 532 
6.5 Local carrying capacity assessment models - whole system focus 
Whole system-based carrying capacity assessment methodologies are comprehensive 
in scope because they examine a number of concurrent factors effecting population 
limits and also consider the relationships between these factors. In accord with the 
systemic view,533 environmentally imposed biophysical limitations to resource 
production and impact assimilation are of primary consideration, followed by 
societal constraints. 
Apart from representing the most comprehensive form of carrying capacity 
assessment, the whole-of-system approach also best accounts for and encourages 
more sustainable practices. For instance, in order to optimise carrying capacity 
outcomes, future societies will need to not only reduce environmental impacts but 
                                                 
529 Ibid., 22 
530 Ibid., 26 
531 Ibid., 18 
532 Ibid., 18 
533 As per the concentric circles model in Figure 1b. where the environment encapsulates the society,  
and society encapsulates the economy. 
    130 
convert their outputs (such as nutrients and excess water, previously considered 
waste) into useful resources and loop them back into the system. A compact localised 
system of resource usage not only can help to improve levels of sustainability but can 
also make it easier to measure sustainability, in the form of carrying capacity 
assessment, because the essential elements are largely contained within a local 
boundary (Figure 22). Additionally, local production and consumption of resources 
can encourage greater environmental and ethical responsibility in local populations 
because impacts are often more immediately obvious and according to Vail534 
behavioural change, more willingly undertaken. Nobel laureate Elinor Ostrum also 
suggests that the most effective way of successfully managing shared resources (the 
commons) is to match the rules governing the use of the commons to local needs and 
conditions, ensuring that, “most individuals affected by the operational rules can 
participate in modifying the operational rules.”535 
PopulationResources
Local boundary
Impacts
Global boundary
 
Figure 22. A locally focused whole system carrying capacity model where resources and impacts are 
largely contained within local boundary and waste is recycled. 
6.5.1 Brazil 
Philip Fearnside’s Human carrying capacity of the Brazilian rainforest536 is a 
highly localised but extremely detailed carrying capacity assessment of pioneering 
farmers in newly-established areas of the Brazilian Amazon in the 1970s and 1980s. 
Fearnside’s whole-of-system approach examines aspects of resource production, 
environmental impacts and societal considerations. Over an eleven year period, data 
was extensively gathered on consumption patterns, demography, land-use decisions, 
soil structure and agricultural yield for sites within a 450 km² area via interviews, 
environmental monitoring and the collection of existing data.  
                                                 
534 Vail, "Envisioning a Hamlet Economy: Topology of Sustainability and Fulfilled Ontogeny ". 
535 Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action., 90 
536 Fearnside, Human Carrying Capacity of the Brazilian Rainforest. 
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Fearnside’s model bases its carrying capacity assessment output not on a single 
population figure but on the likelihood of system failure given certain population 
densities (Figure 23). He explains537 that the, “maximum acceptable probability of 
colonist failure, as well as the criteria for failure, can be chosen in accord with 
socially-defined values.”538 The graphs produced using this approach, thus illustrate 
both a minimum and maximum carrying capacity for any chosen probability of 
failure. For instance, even though overpopulation is a more frequent global problem, 
he states539 that, “the probability of failing to maintain adequate consumption 
standards would increase at very low densities due to the difficulties from lack of 
infrastructure, cooperation and other benefits of society.” Fearnside defines colonist 
failure in his model as the years in which minimal consumption standards in food 
and financial health are not met.540 
 
Figure 23. Probability of collapse based on population density541 showing both a minimum and 
maximum carrying capacity for any chosen failure probability. For instance, at a 50 percent chance 
of failure, the minimum density is 10 people per km² while the maximum is 100 people per km². 
Fearnside considers his analysis to be more of a simulation than a model.542 It uses 
mathematical equations which replicate relationships in the system, in order to learn 
more about the real world. One of the key advantages of stimulatory analysis, 
according to Fearnside,543 is the ability to learn from feedback, iteration and testing 
alternative scenarios. Two types of feedback are accommodated - positive feedback, 
                                                 
537 Ibid., 79 
538 Fearnside’s probability of collapse graphs offer a choice of chances of failure although in the case 
of the published output, Fearnside defines these values himself. For example minimum consumption 
amounts for calories, total protein, animal protein and cash income are pre-defined. Ibid., 114. 
539 Ibid., 79 
540 Ibid., 122 
541 Based on Fearside’s graph. Ibid., 80. 
542 Ibid., 86. 
543 Ibid., 87 
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where existing trends are reinforced, and negative feedback where variable oscillation 
is dampened544. The simulation is viewed as a continuous long-term process rather than 
a singular momentary event and, “there is feedback of the information gained from the 
study to the generation of new ideas, which will in turn be winnowed through the 
process of testing either by manipulating the system itself or by simulation.”545 In order 
to better align the simulation’s workings with real-life random variability, Fearnside 
also introduces a stochastic approach incorporating random variations which he argues 
better reflects the fluctuations apparent in real-life circumstances.546   
 
Various societal parameters are incorporated into Fearnside’s modelling. Firstly, he 
incorporates demographic variables547 such as geographic distribution, age structure, 
marriage, fertility, mortality, rate of growth and absolute size. Secondly, financial 
projections are also modelled, with particular emphasis given to the problem of debt. 
Fearnside548 explains, ‘[t]he existence of debt poses a constant threat to colonists. 
When a debt extends over eight or twenty years, it appears a virtual certainty that a 
crop will fail at least one of those years,’ leading to financial failure. Other financial 
aspects include investment capital, financing, inflation, purchase and selling prices and 
the amount of produce sold.549 One of Fearnside’s carrying capacity assessments then 
tests for potential colonist failure against the criteria of cash return per capita reflecting 
an economic rather than physiological limiting factor (Figure 24). 
 
Figure 24. Cash derived estimates (stochastic) of colonist failure per settlement densities.550The graph 
suggests there is a 20 percent chance of failure for densities at 120 people per km². Alternatively, the 
graph reveals that the optimum density with the lowest chance of failure is 50 people per km². 
                                                 
544 Ibid., 90 
545 Ibid., 92 
546 Ibid., 238 
547 Ibid., 218-224 
548 Ibid., 118 
549 Ibid., 127 
550 Based on Fearside’s graph. Ibid., 137. 
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Environmental impacts form another set of limiting factors in Fearnside’s 
modelling. For instance, he incorporates aspects such as soil depletion,551 the 
proportion of land cleared, erosion and weed incursion in his analysis of carrying 
capacity causal relationships.552 Given that other researchers553 have failed to 
adequately establish a direct correlation between environmental impacts and 
population numbers, it is of particular interest that Fearnside purports to have done 
so. However, it is important to note that his inclusion of these aspects into his 
carrying capacity assessments occur in a secondary manner. For instance, weeds, 
erosion, clearing, and other soil impacts are grouped with similar environmental 
influences such as weather to form a total profile of soil quality; and this in turn 
affects yield per hectare554 (Figure 25). Consequently, Fearnside’s impact-based 
limits actually just inform his resource-based limits so ultimately, again, it is the 
input side of the carrying capacity equation that directly generates the carrying 
capacity result.  
 
Figure 25. Partial flowchart of Fearnside’s causal relationships555 highlighting that the 
environmental impacts such as erosion are secondary aspects influencing resource production of 
yield per hectare. 
While Fearnside’s analysis consists of a myriad of interconnected parameters, 
ultimately carrying capacity is defined by the number of people a certain piece of 
land can support and to this end, his key measures test the long-term provision of 
                                                 
551 Ibid., 54 
552 Ibid., 129 
553 Refer to Chapter 6.2 for examples. 
554 Fearnside, Human Carrying Capacity of the Brazilian Rainforest., 129 
555 Based on Fearside’s flowchart. Ibid., 129. 
    134 
adequate calories (Figure 26), total protein (Figure 27), animal protein and cash. 
While Fearnside’s output differs from other resource-based studies, the method of 
this section of his model is similar. For example, like Peters et al.,556 Fairlie557 and 
Gutteridge,558 Fearnside establishes a standard diet for the population, determines the 
raw agricultural commodities required for this diet and makes estimates of the 
amount of land per person that this diet will require under certain production 
systems. Yields are also adjusted for estimates of crop loss through disease, pests, 
poor germination and spoilage559 and finally the population carrying capacity is 
limited by a per person requirement of land. Fearnside560 contends that, “in addition 
to its system orientation, modelling carrying capacity focuses attention on the reality 
of limits dispelling the illusion that infinite resources and agricultural potential 
exist.” 
 
Figure 26. Probability of colonist failure based on calories intake (set at a minimum of 2550 per 
person per day561) derived estimates (stochastic) of colonist failure per settlement densities.562 
                                                 
556 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
557 Fairlie, "Can Britain Feed Itself?." 
558 Gutteridge, "Ecological Footprint and Carrying Capacity Studies of South East Queensland: A 
Comparison and Discussion of Results." 
559 Fearnside, Human Carrying Capacity of the Brazilian Rainforest., 123 
560 Ibid., 155 
561 Ibid., 129 
562 Based on Fearside’s graph. Ibid., 137 
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Figure 27. Probability of colonist failure based on protein intake derived estimates (stochastic) of 
colonist failure per settlement densities.563 
Protein intake set at a minimum of 38g per person per day564 A comparison of these graphs (Figures 
26 and 27)  suggests that the adequate supply of protein (which is never less than 10 percent for the 
densities tested) is less likely to cause colonist failure than the supply of calories (which goes as high 
as 45 percent at densities of 50 people per km²). 
From the outset, Fearnside565 proposes that, “[t]he purpose of the present study 
[…] is to provide an indicator that could be used in development and population 
planning.” While it seems unlikely that the Brazilian government actually envisaged 
planning for a resource-deficient future, the isolated nature of this rural project has 
led Fearnside566 to suggest that the inherent scale of development lends itself to, 
“self-sustaining communities capable of maintaining their populations at an 
acceptable standard of living.” Given the assumption that in the future, the 
production of resources will need to become more localised, perhaps Fearnside’s 
case study serves as a prescient example. By necessity, the local population in this 
study567 generated 71 percent of their own caloric food intake and 95 percent of their 
own protein. 
Fearnside has approached the challenge of carrying capacity assessment 
modelling in a more thorough manner than most other analysts. The information 
entered into his KPROG2568 program generates detailed results. Variables relating to 
choices and constraints are integrated into the model and the iterative process of 
decision-making results in potential real-time, system-based simulations. However, 
this full potential seems, as yet, unrealised. Consideration should be given to the fact 
that the software is now over 20 years out of date, but obvious improvements could 
                                                 
563 Based on Fearside’s graph. Ibid., 137 
564 Ibid., 129 
565 Ibid., 77 
566 Ibid., 153 
567 Ibid., 115 
568 KPROG2 is the simulation software used by Feanside for estimating human carrying capacity in 
his Brazilian study. Ibid., 236 
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be made in its usability, legibility and functionality. A more versatile program would 
also adapt itself to various other locations and gradually become more attuned to 
local conditions as users tracked their own progress. Nevertheless, it can be said that 
Fearnside569 has contributed greatly to, as he says, ‘developing a sorely needed area 
of ecological research: an adequate science of carrying capacity.’ 
6.6 Summary 
This chapter establishes a method for the categorisation of carrying capacity 
assessment models by using the elements of a simple input-output model (Figure 14). 
These types of models included global carrying capacity assessments, together with 
local carrying capacity models with an impact focus, societal focus, resources focus 
and whole system focus. 
A number of case studies were examined for each of these carrying capacity 
model types and the whole system-based study of Feaside presented the most 
comprehensive and detailed analysis.570 However, its particular relevance to the 
specific Brazilian setting makes it less relevant to this thesis than the resource-
focused modelling of Peters et al.571 and Fairlie.572 The methods of these authors are 
universally applicable (to other locations), reasonably comprehensive and their data 
and methodology have been made publicly available.573 The locally-orientated 
resource focus was also recognised as aligning with one of the precepts of this thesis: 
that in the future, resources will need to be garnered on a more local scale than that 
which is common in the contemporary context.  
                                                 
569 Ibid., xiii 
570 Ibid. 
571 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
572 Fairlie, "Can Britain Feed Itself?." 
573 Christian J. Peters, Jennifer L. Wilkins, and Gary W. Fick, "Input and Output Data in Studying the 
Impact of Meat and Fat on the Land Resource Requirements of the Human Diet and Potential 
Carrying Capacity: The New York State Example " in CSS Research Series (Department of Crop and 
Soil Sciences, 2005). 
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7. Carrying capacity assessment model components 
The previous chapter574 identified various types of carrying capacity models and 
categorised them according to their local and global foci. This categorisation may 
help to orientate the reader within the full range of carrying capacity assessment 
literature, but does not highlight the components which have been or potentially 
could be incorporated into models. As yet, there appears to be few descriptions of the 
importance and relevance of carrying capacity components in existing literature. The 
context-specific and complex nature of carrying capacity assessment modelling has 
led researchers to incorporate the various aspects relevant to their field of view. For 
example, Peters et al.575 concentrated on the incorporation of dietary habits specific to 
the New York population and Fairlie576 explored various agricultural production 
systems in the British context. However, these studies do not describe the ideal 
carrying capacity model, nor the full range of potential components.577 Such a 
description would help to allow others to evaluate the effectiveness of the model and 
its results. 
One author of carrying capacity literature, Cohen,578 writes a short but instructive 
description of ideal carrying capacity model components. He describes well-designed 
carrying capacity assessment models as a balance between human choices and 
natural constraints and  briefly mentions aspects such as risk, time periods, fashions, 
tastes, food, water and energy. 579 Many of Cohen’s proposals for the ideal model are 
incorporated into the criteria developed in this chapter (Chapter 7. Carrying capacity 
assessment model components). However, building on Cohen’s work, each of the 
components are categorised into a structured set of principles and described more 
fully. The analysis of carrying capacity assessment case studies580 also helped to 
inform the criteria for an ideal model.581 A set of ten criteria have been identified 
                                                 
574 Chapter 6. Carrying capacity assessment model types. 
575 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
576 Fairlie, "Can Britain Feed Itself?." 
577 It is important to note that Peters et al. nor Fairlie propose that they aim to describe the ideal 
carrying capacity model as part of their research. 
578 Cohen, How Many People Can the Earth Support?, 359 
579 Ibid., 359 
580 See Chapter 6. Carrying capacity assessment model types. 
581 See sections below in this chapter for examples of where components exemplars can be found.  
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which exemplify a best-practice approach including integrated whole-of-system, 
cultural habits, dynamic timeframes, risk management, constraints, explore 
alternatives, credible data, usability, future planning and fine-grain scale. Another 
factor influencing the development of these criteria is the stated local or regional 
focus of this research. This aspect did not fit within any of Cohen’s suggested 
inclusions, so the criteria of fine-grain scale was developed. 
7.1 Whole-of-system 
In accord with a systems perspective (as per Figure 1b.) carrying capacity assessment 
should incorporate societal considerations which are intrinsically limited by their 
biophysical environment. These environmental parameters should include the ability 
to supply society with sufficient resources and also adequately absorb impacts that 
the processing and use of these resources imparts. Until further investigation proves 
otherwise,582 it seems that the best way to incorporate environmental impacts into 
carrying capacity assessment is via its effect on resource availability. In other words, 
the maintenance of a healthy environment is a precursor to nature’s sustained supply 
of resources in adequate quantities to society. 
Most existing carrying capacity assessment methodologies contain the underlying 
assumption of a business-as-usual approach to the production and consumption of 
resources. Consequently, a global market economy incorporating fossil fuel-based 
conventional farming methods is assumed to have the ability to continue producing 
the resources necessary for the maintenance of current lifestyle patterns. However, 
this assumption neglects to take into consideration that current global production and 
consumption, based on the competitive market growth imperative, are not only 
resource exploitative and inequitable but ultimately unsustainable.583 An 
unsustainable system, by definition, is one that cannot and will not last. So, perhaps 
the application of carrying capacity assessment to current conventional systems of 
resource production may be viewed primarily as a short-term or instructive measure. 
A more long-term approach to carrying capacity assessment would be to test possible 
future scenarios as a whole-of-system re-design including reviews of political and 
economic structures, land-ownership considerations and enterprise opportunities to 
                                                 
582 For discussion of the problems inherent in estimating carrying capacity from an environmental 
impacts perspective, refer to Chapter 6.2 Local carrying capacity assessments - impacts focused. 
583 For detailed discussion of these aspects, refer to Chapter 5. Future global carrying capacity crisis. 
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name but a few. Some initial steps in this direction have been made by Fairlie584 in 
his comparisons of conventional farming to permacultural and organic production. 
He also uses the process of discerning land-use, resource-use, and diet to develop 
workable combinations that maximise carrying capacities. Alternatively, Fearnside 
integrates economic factors and highlights problems within financial systems. A key 
methodological challenge identified by this research involves the integration of 
complex whole systems into future carrying capacity assessment models.  
An ideal carrying capacity assessment model should offer choices in underlying 
systems. Each system should run as a separate simulation. This systems modelling 
process should achieve certain benchmarks. Firstly, users should be directed to 
develop sustainable combinations of integrated elements. For example, prompts 
might include: What form of land ownership would facilitate this lifestyle 
arrangement? What scale of land-use best suits this system? How are resources best 
shared in this system? Secondly, the modelling should determine a range of possible 
means-of-production systems for the population addressing essential resources such 
as food, shelter, clothing and fuel. Lastly, users should determine appropriate land 
requirements for societal functions. For example, estimates should incorporate 
housing (at various densities and configurations), community facilities and transport 
infrastructure. Demographic and economic imperatives should also be considered. 
For instance, what are optimal population sizes to effectively deliver social service 
diversity such as medical facilities? 
McKenzie et al.585 point out that a whole-of-system approach to landscape analysis 
incorporates positive and negative feedback loops, accommodates both small and 
large scale influences and allows for unpredictability and changes over time. Thus, 
an all-encompassing systemic response which comprises all these aspects is likely to 
be difficult to achieve given the breadth and complexity of the subject matter. 
Initially, the range of relevant systems should be catalogued, then possible 
implications of each should be examined. Even if a computer model is not able to 
accommodate all potential systemic parameters, it should at least prompt users to 
consider all options. 
 
                                                 
584 Fairlie, "Can Britain Feed Itself?." 
585 McKenzie et al., Guidelines for Surveying Soil and Land Resources., 494 
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7.2 Cultural habits 
Given that food production is usually the key determinant of regional carrying 
capacity,586 diet is viewed as a key component in the habits of a population’s 
consumption pattern. A carrying capacity assessment model should examine a 
population’s existing diet to determine food items required. Some consideration to 
the healthiness of the diet should also take place as it would seem counter-productive 
to utilise carrying capacity modelling as a tool for the future health of a population if 
the diet under consideration was in fact unhealthy. Consequently, an informed 
assessment by dietary experts into the health of a population’s diet should be 
incorporated in the carrying capacity modelling process. There is the potential for 
some discrepancy to develop between the normal eating habits of a population and 
those deemed healthy. In this case, preference should be given to the healthy 
components of the diet and perhaps the less healthy items could be included only as 
an optional extra. Items should be listed in their most basic form (e.g. carrots, 
tomatoes, potatoes). The model should determine caloric and protein content of each 
food item as per Fearnside’s587 model and also determine minimum and optimal 
caloric and protein requirements of the population as per the Peters et al.588 model. 
Then, the population should be matched with production rates and land requirements 
(on a food by food basis). Lastly, food items assessed for their propensity for local 
production and the diet of the population should be altered to match this regional 
applicability. For example, if the climate of a particular region does not support the 
production of pineapples, then another comparable fruit would need to be substituted 
into the population’s diet. Data would thus need to be compiled on a wide range of 
foods and include its caloric and protein content, its climatic and geographic 
suitability and its production yield. 
A similar method to this diet-based approach can also be adopted in the 
incorporation of other essential resources including energy, water and shelter 
(clothing and housing). 
 
                                                 
586 Refer to Chapter 5.1.4 Food. 
587 Fearnside, Human Carrying Capacity of the Brazilian Rainforest. 
588 Christian J. Peters, Jennifer L. Wilkins, and Gary W. Fick, "Cultivating Better Nutrition: Can the 
Food Pyramid Help Translate Dietary Recommendations into Agricultural Goals?," Agronomy 
Journal 95, no. 6 (2003). 
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7.3 Dynamic timeframes 
According to Fearnside589 the classification of any carrying capacity estimate can be 
determined by its time horizon, yielding two possible categories: sustainable and 
instantaneous. Sustainable or long-term carrying capacity is the form most 
commonly inferred by the term carrying capacity,590 while instantaneous carrying 
capacity refers to a population’s ability to be supported by its landscape only at one 
particular point in time. It is also sometimes referred to as temporary591 or short-
term592 carrying capacity. 
The validity of assessing carrying capacity in a timeframe of any length but long-
term is questioned by some authors. For example, Catton593 argues that the 
expressions temporary and carrying capacity are actually contradictory in nature. 
Instead, he states that it is a phrase used only to signify a, “temporarily enlarged 
composite consisting of true (i.e. sustainable) carrying capacity plus phantom 
carrying capacity.” According to Catton,594 phantom carrying capacity refers to the, 
“illusory or the extremely precarious capacity of an environment to support a given 
life form,” and represents the portion of the population that would not otherwise be 
able to be permanently supported if not for temporarily available resources. 
Meadows et al.595 and Catton596 describe this phenomenon as overshoot. 
In natural systems, the occurrence of ecological overshoot is not uncommon, with 
a particular species’ population growing in times of local resource abundance, but 
failing to slow its rate of growth once resource availability declines.597 Bradford598 
cites four main reasons for overshoot: feedback lag, fluctuation, ecological release 
and resource drawdown. Sometimes overshoot may result from just one of these 
factors but usually, it is a combination of more than one factor and often, one factor 
influences or precipitates another.599 
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Bradford’s feedback lag theory refers to an unstoppable momentum in population 
growth such that an adult population may be below carrying capacity prior to 
reproducing, but the subsequent juvenile population may overshoot capacity. 600 This 
phenomenon is more pronounced in what MacArthur and Wilson601 define at R-
selected species, such as insects, which are short lived with numerous offspring, but 
more devastating to K-selected species such as mammals, where few offspring and 
low mortality are the norm. 
The second form of overshoot, fluctuation, refers to the variability of 
environmental conditions influencing localised carrying capacity where for example, 
a population living within carrying capacity during highly productive years finds 
itself over-populated in times of environmental shortage such as drought.602 
Ecological release is similar to fluctuation but instead of the overshoot resulting 
from worsening environmental conditions, it actually begins with unusually 
advantageous conditions such as the release from usual predation or disease. A well-
documented603 example of this phenomenon occurred in 1944 at St Matthew Island, 
off Alaska, where a herd of twenty-nine reindeer without their usual predators, 
increased in size by twenty thousand percent in just twenty years. However, by 1963 
they had depleted their food source of native lichen to such an extent that by the 
winter of 1964, the reindeer population of six thousand plummeted to just fifty, 
through starvation.  
The fourth reason for overshoot, resource drawdown, is categorised by a 
population’s utilisation of resources at a more rapid rate than they can be naturally 
replenished. Bradford604 states that many human populations have reached this form 
of overshoot in the past, whereby the drawdown of topsoil, ground water, forests, 
minerals or fossil fuels, “has led to the collapse of human populations (e.g. Easter 
Island), the abandonment of once productive regions (e.g. the fertile crescent), and 
mass migration to new areas (e.g. Europeans to Americas and Australia).” He adds 
that the key turning point in overshoot by resource drawdown is not when resources 
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are totally exhausted but rather, when the rate of withdrawal peaks.605 Chefurka606 
explains that for human populations, the possibility for overshoot is even greater if 
short-term, non-renewable resources are used because they further mask the long-
term capacity of the resource base.  
The consequences of population overshoot can range from calamitous to 
negligible, usually depending on the degree to which carrying capacity was 
overstretched. For instance, Meadows et al.607 suggest that overshoot can be followed 
by a dramatic system collapse, or alternatively, “the growing entity will overshoot its 
limit for a while, make a correction, and undershoot, then overshoot again, in a series 
of oscillations that usually damp down to an equilibrium within the limit.” In this 
case, overshoot and undershoot can be seen as temporary departures from a 
population’s sustainable long-term carrying capacity. 
One final characteristic of populations in temporary overshoot is that their short-
term condition can often impact their long-term carrying capacity. Given that 
populations in overshoot may damage their physical environment through pollution, 
soil degradation and climate change, even after a correction in population numbers 
has been made, the damage may persist. In this case, the population’s resource base 
may be smaller after the overshoot event than before it, thus creating a reduced 
sustainable carrying capacity (Figure 28). As Hardin608 explains, “[w]henever a 
population grows beyond the carrying capacity, the environment is rapidly degraded; 
as a result, carrying capacity is reduced in subsequent years.” This outcome is 
evident for instance, in the reindeer population of St. Matthew Island where the 
environment was never able to recover after their dramatic overshoot of local 
carrying capacity. Not only did the long-term capacity of the island fall substantially, 
but by the 1980s the island was no longer able to support sufficient breeding pairs 
and the deer population died out altogether.609 Thus, according to the outcomes 
outlined by Meadows et al, a short period of carrying capacity oscillation was 
followed by collapse. 
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Figure 28. There are two types of carrying capacity: sustainable long-term (dashed line) and 
temporary overshoot (solid line) - undershoot. A population may temporarily overshoot and 
undershoot its sustainable carrying capacity. 
Given the ethical dimension to human populations, in that society does not easily 
accept an enforced reduction in population numbers which, for instance, a plague of 
locusts must inevitably undergo, it is incumbent on humanity to avoid the prospect of 
overshoot and devastating population decline. Consequently, an exclusive focus on 
temporary carrying capacity, at the expense of the long-term horizon, is potentially 
dangerous despite, as Hardin610 suggests, “man, the inveterate optimist, seldom takes 
really adequate account of future threats.” 
Given the importance of long timeframes in carrying capacity analysis, 
Fearnside’s definition of sustainable carrying capacity as, “the maximum number of 
persons that can be supported in perpetuity on an area,” best describes an ideal 
approach. However, the concept of perpetuity presents significant difficulties when 
applying practical application to carrying capacity theory. As Cohen611 points out, 
carrying capacity predictions relying on indefinite amounts of time are operationally 
meaningless when it is impossible to confidently predict events infinitely into the 
future. He argues that, “the precision of prediction declines very rapidly as the 
horizon of prediction recedes into the future,” and so all carrying capacity predictions 
should be regarded as conditional rather than absolute. However, the fact that 
accuracy in carrying capacity estimates may diminish over time does not mean that 
they should be disregarded altogether. Rather, it just highlights the importance of 
making multiple estimates over various timeframes so that society might be able to 
draw its own conclusions about possible future outcomes. Forward projections 
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should also take into account the real possibility of poor productivity in some years 
where the carrying capacity will be smaller than usual. It is important to note that if a 
society intends to live within the carrying capacity of its productive landscape on an 
ongoing and long-term basis, then it will need to limit population not to the expected 
maximum level of production, but rather the anticipated minimum. In other words, 
societies must prepare for years with poor yields in order to maintain long-term 
resilience.   
Apart from the incorporation of long timeframes, an ideal carrying capacity 
modelling process would also update the underlying assumptions continually over 
time. Environmental and societal parameters within any carrying capacity assessment 
are unlikely to remain static with climatic, ecological, technological and sociological 
change potentially constantly altering any modelled outcomes. Modelling should 
thus be viewed as a continuing process rather than a single event. Users should 
continuously and iteratively aim to better maximise social and environmental 
outcomes. Consequently, an ideal model should begin with some basic assumptions 
based on pre-existing conditions but once carrying capacity assessment commences, 
users should then be prompted to enter more detailed data on an ongoing basis 
concerning, for example, crop yield and environmental quality indicators including 
erosion, fertility and biodiversity. 
To summarise, an ideal carrying capacity model should allow users to make 
projections over various timeframes but the longer timeframes should be prioritised. 
Additionally, over time, data should be updated within the model to reflect possible 
changes to existing socio-environmental conditions. 
7.4 Risk management 
Fearnside612 was the only author examined in this study whose model allowed the 
user to dictate acceptable levels of risk.613 Based on his analysis of past events, he 
was able to assess thresholds at which failure was likely to occur. In this instance, 
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failure for Fearnside’s colonists was not life threatening because presumably, they 
just returned to their previous homelands if crops failed or finances ran out. 
However, failure to meet carrying capacity constraints in a future resource-
constrained world may lead to dire consequences if there is nowhere else to which 
people can migrate.  
Fearnside’s approach to risk management offers excellent methodological 
possibilities. However, it seems likely that in some instances, only estimated 
predictions of systemic failure thresholds will be available for incorporation into any 
model rather than historic data. Where Fearnside was able to observe colonist failure, 
and set his parameters accordingly, it is best not to wait for global systemic failure 
prior to taking action. Consequently, close examination needs to be given to potential 
determinants of failure thresholds such as calorie and protein consumption, 
environmental degradation, climate variability, soil and crop productivity and social 
function.614 All relevant risk factors should be examined to determine whether they 
can be included in carrying capacity modelling. 
In order to maintain long-term sustainable human settlement patterns, natural 
environments will need to be nurtured and protected. Carrying capacity assessment 
models can play an important role in encouraging people to realise that human 
systems are dependent on the physical limits of natural ecosystems and they can also 
help to educate and inform local communities of the vital role that natural 
environments play in sustaining human life. They should prompt lifestyles that 
enhance and protect natural ecosystems and offer guidelines for the identification, 
delineation and protection of highest priority areas. Carrying capacity assessment 
modelling, in isolation, might not provide sufficient education in ecosystem 
preservation to ensure universal compliance so further education initiatives in 
schools, universities and communities would also need to be enacted.615 
7.5 Constraints 
Carrying capacity constraints are the parameters by which populations are limited. 
These constraints may potentially be resource-based, impact-based or societally-
focused and all carrying capacity models will include at least one constraint. For 
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instance, Fearnside’s616 constraints of caloric, protein and cash consumption were 
reflective of the elements he deemed essential for colonist’s mere survival. Hardin617 
on the other hand, considers that, “[n]o thoughtful person is willing to assume that 
mere animal survival is acceptable when the animal is Homo sapiens. We want to 
know what the environment will carry in the way of cultural amenities [including] 
institutions, buildings, customs, inventions, knowledge.” 
Viewed in isolation, the potential determinants of human carrying capacity could 
be analogous to Liebig’s Law of the Minimum.618 Justus Freiherr von Liebig (1803-
1873) was a German chemist who asserted that in agriculture, under steady-state 
conditions, a species’ population size is constrained not by the total quantity of 
resources available, but by the scarcest resource. Consequently, when considering 
potential limiting factors to human population growth, it is hypothetically possible 
that just one aspect would need to be measured. For instance, if a population’s 
drinking water supply supports less people that any other factor, then it is potentially 
pointless to measure all other factors. However, Cohen619 suggests that relying solely 
on one factor is likely to offer only limited reliability as Liebig’s Law does not 
adequately accommodate fluctuating environments, interactions amongst inputs, 
proportional relationships between populations and resources, and differing 
requirements of various populations. Consequently, Liebig’s law offers only limited 
reliability in the determination of human carrying capacity and suggests that the 
measurement of various factors are most likely required. Fearnside620 concurs in 
arguing that, “[t]he common assumption that only one limiting factor restricts the 
growth of a population at one time is an oversimplification.” It is thus important to 
examine a range of potential determinants of carrying capacity modelling in order to 
evaluate their likely impact.  
Even though Hardin621 suggests that the accomplishment of mere survival is 
insufficient for adequate human carrying capacity assessment, it is certainly the best 
place to begin. If the global human population is indeed in population overshoot,622 
then mere survival at various local scales may no longer be assured. In 1943 
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Abraham Maslow623 famously identified a hierarchy of human needs which, at its 
foundation included basic physiological requirements such as food, water, air and 
shelter. These primary needs should underpin any basic resource-based carrying 
capacity assessment model and could also be supported by concomitant constraints 
such as energy, agricultural techniques and soil fertility. A whole-of-system model 
would also address socio-cultural aspects such as societal cohesion and economic 
stability together with impact constraints such as pollution, disease and climate 
change. Overlaid on these physical constraints, Cohen624 suggests that human 
behaviour should also be regulated by its, “values, preferences and moral 
judgements.”  
7.5.1 Environmental impacts 
Hardin625 has described carrying capacity as the maximum population that can be 
supported on a long-term basis, “without damage to the environment,” giving primal 
importance to the environmental impacts side of the input-output equation.626 While 
Hardin’s approach is theoretically sound, carrying capacity practitioners seem yet to 
find a way of actually quantifying causal relationships between maximum 
populations and the damaging impacts that they can cause. For example, Graymore627 
was only able to infer carrying capacity breaches by measuring impacts deemed 
sustainable or unsustainable, but no direct relationship between the number of people 
and degree of impact was ascertained. Likewise, Fearnside628 examined 
environmental degradation but its inclusion in his modelling was made only via its 
impact on resource yields. 
The reason for difficulties in finding a correlation between environmental impacts 
and population numbers results from the variable and sometimes disconnected nature 
of the impacts and also from the potentially wide-ranging responses that populations 
may adopt. For instance, in order to use the environmental impact of soil erosion as a 
direct carrying capacity constraint, a correlation would need to be found between 
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run-off and population size. However, such run-off is likely to vary over time and 
between localised areas depending on the soil protection strategies of land holders, 
rainfall, type of soil and slope of land, just to name a few. Importantly, the 
fluctuation in erosion caused by each of these factors is likely to occur independently 
of the population size because there is no essential link between population and 
erosion. Erosion may potentially occur in areas with one million people, one person 
and even possibly no people at all. Likewise, any human action causing such erosion 
may vary and can also be adjusted to alleviate such impacts. As Chisholm629 explains, 
“[t]he reason for non-existent or weak links between population growth per se and 
environmental degradation is mainly due to the potential for societies to respond to 
environmental concerns with more appropriate forms of social organisation and 
technology.” Thus, in order to incorporate the constraint of erosion into any carrying 
capacity assessment model, it is suggested that it must be viewed as a secondary 
factor which might affect other human resource needs. For instance, localised erosion 
is likely to affect agricultural crop yields, thereby turning an environmental impact 
into a resource constraint.  
Unfortunately there is likely to be some environmental impacts that may not be 
translatable into resource constraints. For instance, extinction of species with little or 
no involvement in the human resource chain may have little effect on human 
carrying capacity. This is not to suggest that species extinction is not of importance 
to humanity, but rather, its measurement through the lens of carrying capacity is not 
appropriate.  
It is thus suggested that Fearnside’s method offers the best way to include 
environmental impact constraints into carrying capacity modelling, by incorporating 
them into resource limitations. One such constraint to resource production is the 
setting aside of land for conservation purposes. This aspect could be explicitly 
included in a carrying capacity model, while other aspects such as erosion may be 
incorporated implicitly, through the measurement of crop yields. 
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7.5.2 Water 
If Falkenmark630 is correct, and water is the basis of all life, then it seems reasonable 
to suggest that water might also be a key determinant of human carrying capacity. 
Skinner,631 certainly concurs, when stating that, “more than any other factor, 
availability of water determines the ultimate population capacity of a geographic 
province.” In his book, How Many People Can the Earth Support, Cohen632 
devotes an entire chapter to exploring the implications of Skinner’s statement, 
applied to the global scale. He examines the amount of water available in the world, 
considering how much is freshwater, how much is readily available and how much 
more might be made accessible with various technologies; he estimates how much 
water is required by various people in various living conditions and consumptions 
patterns; he considers drinking water, agricultural irrigation, rivers, wells and 
aquifers; and even looks at how water interacts with various other carrying capacity 
determinants such as economics, energy usage, agriculture, environmental 
conditions, climate change and urban development. Despite an exhaustively thorough 
examination of the problem, Cohen’s estimates of water-constrained global carrying 
capacity fall in such a large range (from 1.1 billion to 137.5 billion people633) as to 
make them largely meaningless. However, in the process, he uncovers some 
important principles. Firstly, that availability of drinking water is only likely to 
influence carrying capacity if human storage facilities are not able to be expanded to 
match population size, thus turning the water availability factor into a technological 
rather than natural determinant. Further to this point, he postulates that currently, 
“the variation, and not the aggregate, of freshwater supplies poses the chief obstacle 
to meeting people’s desire for water,”634 but again, this problem could be alleviated 
somewhat by water storage or recycling facilities. Secondly, Cohen finds that the 
amount of water required by people for domestic usage, is, “a mere drop in the 
bucket compared to the water required to grow food,”635 For instance, he estimates 
that the amount of water required for the production of one kilogram of bread (one 
cubic metre of water) exceeds the amount of drinking water for one individual for an 
entire year (0.73 cubic metres) and the amount of water required for the production 
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of just one kilogram of beef (20.5 cubic metres of water) could quench the thirst of 
almost thirty people for a year.636 Falkenmark637 concurs that the production of food 
requires a great deal of water, identifying a high correlation between levels of food 
production and water supply. He argues that water shortages are a significant reason 
for the inability of many developing nations to match the crop yields of developing 
nations who often have either ample rainfall or adequate access to irrigation. 
There is subsequently no doubt that water plays a significant role in determining 
the carrying capacity of any landscape. However, in most cases, water availability is 
actually a hidden factor - embedded and obscured somewhat by the yields evident in 
the food supply and the technology of water capture, storage and irrigation. In 
Chisholm’s638 analysis of literature on Australia’s carrying capacity, he found that the 
primary focus was predominantly on both food and water provisions. It is 
undoubtedly difficult to isolate one of these aspects from the other given their strong 
dependencies. In fact, Birdsell639 found that in traditional Australian aboriginal 
communities who once lived almost entirely within the carrying capacity of their 
local environment, population size was directly related to the local annual rainfall.  
In a comparison of water and food to the question of population constraints, 
perhaps it could be said that water has primary status, given that food needs water to 
survive but water does not require food. However, in carrying capacity analysis, the 
close relationship between food and water might also infer the possibility that 
measuring just one of these elements may sufficiently capture the magnitude of the 
other. In which case, it is possible that water constraints may be adequately 
represented in carrying capacity modelling by considering the effect of rainfall and 
irrigation on crop yields. Minimum thresholds for the collection of adequate drinking 
water might also be considered but following Liebig’s Law this might not be always 
necessary, given that a sufficient supply of water for growing food is a likely to 
indicate a sufficient supply of water for drinking purposes. 
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7.5.3 Food 
Food supply has long been considered essential in the calculation of carrying 
capacity. For instance, as early as 1798, Malthus640 argued that food was the sole 
limiting factor in human population growth.641 He postulated that if, “a given quantity 
of territory to produce food has some limit, we must allow that as this limit is 
approached… it becomes only sufficient to maintain, on an average, families of such 
a size as will not allow of a further addition of numbers.” Hopfenberg642 agrees that, 
“food supply is proposed as the variable which best accounts for the human carrying 
capacity.” Cohen643 also concludes that of the dozens of carrying capacity 
assessments he has studied, “the single factor most often selected as a likely 
constraint was food.” Historically, Meyer and Ausubel644 examined the carrying 
capacity of both England and Japan in pre-industrial times and conclude that the 
carrying capacity, “of five million in England and thirty five million in Japan were 
set by the physical limits of food,” citing bread riots in Nottingham in the early 
1800s as evidence that the English population were pushing up against these food-
determined carrying capacity limits.  
While, obviously, the total amount of food produced by a population plays a vital 
role in the determination of carrying capacity thresholds, Gerbens-Leenes et al.645 
suggest that food consumption patterns, described as repeated arrangements in the 
way food is consumed, are of equal significance. These consumption patterns include 
taste, convenience, affluence and waste. Their detailed study of Holland compares 
the amount of land required in various dietary choices and found that the type of food 
eaten has a much higher impact on land requirements than the amount of food 
consumed. For instance, half the productive land was required to produce just six 
food items: margarine, minced meat, sausages, cheese, cooking fats and coffee; 
whereas the staples of fruit, vegetables and cereals only accounted for twelve percent 
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of farmland.646  Peters et al.647 comprehensive study of the carrying capacity of New 
York State also found that meats and fats had a significant impact on land usage. In 
fact, they found a threefold difference in potential carrying capacity between a high 
meat - high fat diet and a low fat - low meat diet. In a comparison of various other 
foods in a standard New York diet, Peters et al.648 state that, “[i]f a continuum were to 
be drawn, meat would lie at the land intensive end of the spectrum followed by eggs, 
dairy, fruits, oilseeds, vegetables, beans, and finally grains.” 
Thus, a thorough analysis of diet and food is an essential and central inclusion in 
any comprehensive carrying capacity model. Peters et al.649 explain that future 
resource-based carrying capacity analysis, “should not consider the impact of 
individual foods in isolation, but in the context of a complete diet and a complete 
food system.” Consequently, a broad-brush approach which, for instance, only 
assesses average caloric intake rather than an entire diet, would not accurately inform 
land-use requirements because of the widely differing yields between meat and 
grains, for example. So, ideally, a model should be detailed enough to measure the 
yield of individual components of each raw ingredient making up a population’s diet. 
It should encapsulate a range of consumption options such as protein and calories,650 
healthy diets and culturally acceptable diets together with consumption amounts. 
Lastly, models should also encompass the full extent of food related land-use 
requirements such as wastage, processing and recycling.  
7.5.4 Energy 
Energy is not a resource that the human body directly consumes. Rather it is a master 
resource651 facilitating the utilisation of all other resources. For instance, energy is 
critical in the production, processing and delivery of essential food and water 
supplies. Hardin652 states that energy consumption is also a measure of cultural 
amenities such as institutions, buildings, customs, inventions and knowledge with 
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larger and more complex amenities requiring more energy. Consequently, the ready 
availability of energy is a crucial constraint to human carrying capacity. 
Global industrialisation has seen the transfer of renewable organic sources of 
energy such as biomass, firewood and even human physical labour towards non-
renewable inorganic sources such as oil, gas, coal and uranium.653 While organic 
energy production generally competes with food production for arable land, this is 
not usually the case with inorganic sources such as off-shore drilling rigs and 
agriculturally non-productive mining sites.654 Thus, fossil fuel usage which currently 
comprises 89 percent of all global energy consumption655 has freed up large areas of 
arable land now available for food production. However, the burning of fossil fuels is 
self-limiting because their supplies are finite and their environmental impacts 
potentially life threatening.656 Thus, given that an ideal carrying capacity model 
accounts for long time frames, they should accommodate the eventual phasing out of 
fossil fuels. 
Wackernagel657 devised three potential ways to incorporate the unsustainable 
nature of fossil fuel usage into a carrying capacity model including the production of 
biofuel and firewood as replacement resources as well as the sequestering of carbon 
in forest plantations to alleviate environmental impacts. Even though the 
sequestering of carbon method was subsequently favoured by Wackernagel658 and 
others 659 for Ecological Footprint Analyses, there are strong arguments for the use of 
the resource-based biofuel method in carrying capacity assessments as it offers a 
more long-term strategy (whereas the sequestering method is only viable while fossil 
fuels are available) and potentially also incorporates both arable and forested land 
types.660 
In addition to biofuel and firewood, other sources of renewable energy should also 
be incorporated into carrying capacity analysis. These could include solar photo-
voltaics, wind, geothermal and possibly hydro-energy. However, it should be noted 
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that these sources are currently reliant on fossil fuel energy for their initial creation, 
so any long-term strategy would need to base the energy and resources required for 
their production on renewable sources. In the absence of fossil fuel inputs, some 
sources of renewable energy might not generate sufficient energy to warrant their 
production, maintenance and eventual disposal. Consequently, assessments of their 
viability should occur for the length of their entire productive life and should be 
measured by their net energy return.661   
A further complication in the incorporation of energy sources such as solar and 
wind into a carrying capacity model stems from the fact that their installation might 
not necessarily preclude other land uses. For instance, if solar panels are placed on 
the roofs of buildings or on elevated stands over farmland, then the original land 
usage requirements may remain unaffected.  
7.5.5 Shelter 
Shelter could loosely be defined as protection from climatic elements in order to 
provide physical human comfort. As such, both clothing and housing could be 
considered forms of shelter and should be incorporated in an ideal carrying capacity 
model in their basic forms such as fibre, leather, timber, concrete and steel. 
An important distinction should be made in the inclusion of clothing and 
construction materials between those considered sustainable and those considered 
unsustainable due to their long-term non-renewability. Artificial fibres sourced from 
crude oil products, for example, are not renewable while wool and cotton are 
renewable. Given that a carrying capacity model should be aiming for long-term 
viability, if short-term materials such as artificial fibres are included, then there 
should also be a mechanism to test their eventual withdrawal from production. For 
example, an ideal carrying capacity model should either only include natural fibre 
sources or give the user the ability to stipulate the degree of artificial fibre content in 
the population’s textile production. This principle can also be applied to building 
materials in comparing renewable materials such as timber to non-renewables such 
as plastics sourced from crude oil. This issue is likely to involve a degree of 
discernment as to the renewability of various materials. For instance, questions 
                                                 
661 Homer-Dixon states that net energy, otherwise known as energy return on energy invested, is 
calculated by dividing the amount of energy a project produces by the amount it consumes. T. F. 
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(Washington D.C.: Island Press, 2006). 
    156 
relating to the long-term viability of metals and concrete will need to be addressed 
involving not only an assessment of the long-term source of their raw materials but 
also the energy intensiveness of their production. Thus, as a general rule, materials 
for fibre and construction should thus include options for renewable and non-
renewable components as well as options for their overall usage on a per person 
basis. 
The production of clothing and building materials addresses carrying capacity 
assessment from an agricultural, mining and forestry perspective, where per person 
minimum requirements can be estimated, raw material yields predicted and land-
usage calculations made. There is, however, another way that human shelter can 
affect carrying capacity and that is through the size of a society’s infrastructure 
footprint. Examples of this form of impact include the per person size and placement 
of residential housing, recreational playing fields, transport infrastructure, waste 
treatment plants, reservoirs and commercial, government and industrial premises. 
Each of these infrastructural requirements potentially reduces the amount of land 
available for other productive uses such as the growing of food. Carrying capacity 
assessments should discern the degree to which agricultural potential is reduced by 
such activities implying that the placement of infrastructure on poor quality land will 
have less of an impact than its placement on agricultural land. 
Human infrastructure, in many cases, effectively alienates the primary productive 
potential of the landscape from current and sometimes future use662 by locking it up 
legislatively or physically. Examples of legislative alienation include the fencing off 
of large areas of land for defence purposes and also the ubiquitous residential 
backyard. While owners of backyards can still put their land to productive use, in 
many cases the scale of the property itself may be out of proportion to the 
landholder’s ability to productively manage it. For instance, the largest residential 
land type in Australia is actually rural residential land between 0.2 hectares and two 
hectares in size, making up 48 percent of all residential land.663 While evidently 
under-utilised at present,664 this 9,491 km² piece of the Australian landscape could be 
brought into production in the future so is only partially alienated. The other way that 
land can become alienated is through physical impediments. For instance, much of 
                                                 
662 Neil Davidson, Email 2011. 
663 ABARES, "Land Use of Australia.". This is a combination of Rural Residential and Rural Living 
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664 ABARE’s definition of this type of land is that there may be some agricultural activity but that it 
isn’t the primary source of the landholder’s income. Ibid. 
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the modern urban setting has been paved, concreted, bitumened and built over in 
such a way as to make it extremely difficult to effectively utilise the land to grow 
food both currently and in the future. Consequently, carrying capacity assessments 
should take into consideration the type and degree of alienation of the landscape 
from current and future productive processes. 
When incorporating infrastructural aspects into carrying capacity models, it 
should be kept in mind that the per-person horizontal footprint is usually more 
relevant than any vertical stacking because carrying capacity is dictated by the two-
dimensional ground plane, not normally three dimensional space. For instance, the 
infrastructure footprint of a single storey 100m² dwelling with a single occupant is 
100m² per person but if the same building footprint is stacked into a 20 storey 
building then the per person footprint is only 5m² per person. There might be 
occasional instances where the third dimension needs to be also factored-in including 
vertical gardens, trellises and multistorey farms. In these cases, any additional 
productive surfaces could simply be added to the existing horizontal surfaces in the 
carrying capacity calculations. However, if technologically-reliant methods of 
farming such as vertical farms and hydroponics are to be included in carrying 
capacity assessments, then a full analysis of energy and construction requirements 
would also need to be part of the modelling. 
7.5.6 Technology 
Heilig665 argues that the earth’s carrying capacity, “is not a natural constant - it is a 
dynamic equilibrium, essentially determined by human action.” This concept 
essentially reflects the carrying capacity receding horizon principle666 positing that 
throughout human history various societies have reached the carrying capacity of 
their productive landscapes but in altering their technological approaches, have 
managed to further extend their productive output. Thus, technology has always 
played a crucial role in determining carrying capacity and so should also be factored 
into carrying capacity assessment modelling. 
Historically, the technologies impacting most significantly on carrying capacity 
have been those relating to agricultural production. While prior to European 
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industrialisation, the farming labour-force represented about half of the population,667 
at present, the mechanisation and industrialisation of farming practice means that 
only about five percent of the population need be employed in agricultural pursuits.668 
This freeing-up of the labour market means that the vast majority of people in the 
developed world are now able to congregate in urban centres and pursue a myriad of 
other career options. In an age where technological innovation is normally associated 
with advancements in entertainment, healthcare and communication devises, it is 
likely that the majority of the modern population have forgotten that this entire 
industrial edifice is underpinned by modern farming practice.  
Modern technologies affecting carrying capacity include mechanised production, 
irrigation, fertilisation, biocides and high-yielding hybrid breeds. One way that 
carrying capacity assessments might incorporate such technologies would be to 
consider the impact of each component on agricultural yield, one component at a 
time. However, this approach is likely to be problematic, requiring experiments 
which might isolate each component and test its yield against a certain base-line. For 
instance, a particular food item such as a carrot would have to be grown under 
mechanised and non-mechanised conditions, be irrigated and compared to carrots 
grown without irrigation and have chemical and non-chemical fertiliser added. Such 
a process might begin analysis by establishing a carrot’s projected maximum yield 
under ideal growing conditions. Then, the model would potentially reduce the 
anticipated yield by the degree to which deleterious factors are imposed. For 
instance, the model would need to compare anticipated pest damage compared to 
anticipated pesticide deterrence and reduce anticipated yield accordingly. Other such 
factors would include fertilisation, treatment of weeds and availability of irrigated 
water. While comprehensive, this approach is likely to require extensive trialling of 
all basic crops and all potential technologies. Even if it is possible to conduct such 
thorough experimentation, results may prove to be highly localised, necessitating 
subsequent testing in all other geographic areas. 
 Given the sheer scale of effort required to adopt an approach which tests each 
technology individually, it is suggested that an alternative approach which assesses 
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existing yields of entire farming systems may offer a more practical solution. This 
approach involves the gathering of yield data either from research trials or existing 
farms on a food by food (e.g. carrot) basis. One disadvantage of this approach is that 
the carrying capacity implications of individual parts of an agricultural system can 
not be separately tested and another is that it requires the establishment of whole 
agricultural systems prior to the collection of data. While the collection of data from 
conventional farms might be straight-forward,669 it is possible that equivalent data 
from less-common farming systems might not be so easy to gather. Nevertheless, 
given the long-term focus of carrying capacity assessment, it is important to be able 
to offer sustainable technological options within an ideal model, so farming practises 
such as organics and permaculture should be included, in accord with the process 
that Simon Fairlie670 adopted in his analysis. 
7.5.7 Trade 
According to Meyer and Ausubel,671 in the 200 years between 1800 and 2000, 
“[f]aster and cheaper transport, new energy sources, and other factors made it 
possible for ten times more English to eat in the same dish, at the outset in large part 
by exchanging manufactured cloth for foreign grain.” In other words, a combination 
of technological change and international trade allowed England to expand its 
population tenfold. In effect, not only was England’s carrying capacity increased 
domestically, but by exercising its economic power through international trade, it 
was able to co-opt productive land from outside its borders, further facilitating 
population growth. Trade between locations, can thus greatly impact a carrying 
capacity equation. 
The profusion of trade in modern capitalist society has brought both positive and 
negative outcomes. On the one hand it potentially offers a way of alleviating the 
ever-present threat of poor local crop yields often caused by climatic conditions such 
as drought and flood. Foreign aid deliveries in recent decades to famine-stricken 
nations in sub-Saharan Africa provide some evidence of a sharing of global 
surpluses. However, global trade has also tended to increase the divide between the 
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affluent and the poor. According to Noam Chomsky,672 this growing wealth divide 
has resulted from industrialised nations feeding off the wealth of developing nations, 
in effect, co-opting another nation’s carrying capacity. This gap between rich and 
poor has widened as international trade has increased. For instance, the income of the 
wealthiest ten percent of the world’s population is currently 117 times higher than 
that of the lowest ten percent; but in 1980, the ratio was 79 times higher.673 
Dilworth674 states that this trend is perpetuated because it is, “the powerful nations 
that formulate trade and aid policies,” and that their chief concern has always been to 
increase their own wealth at the expense of all others.  
The current global system of trade makes estimates of localised carrying capacity 
more complicated when production and/or consumption of any particular resource 
occur outside any localised boundary. Whyte and Beuret675 contend that the notion of 
carrying capacity makes little sense, “when we export food - Australia’s food 
production feeds something like 80 million people annually676 - as well as coal, oil, 
metals, and timber to the world.” However, this statement fails to acknowledge that 
Australia’s carrying capacity and its trade balance illustrate two different 
perspectives of the one issue with carrying capacity offering a potential forward 
projection while the trade balance is a snapshot of past events. The fact that the 
current population is seemingly less than its capacity does not change the carrying 
capacity potential. Nevertheless, Whyte and Beuret raise the important question of 
how to incorporate external trade into carrying capacity assessment. Trade between 
different locations is actually an anathema to carrying capacity assessment at a 
theoretical level, given that carrying capacity estimates the productive potential of 
the landscape within a certain border at the exclusion of the land outside the border. 
For example, Cohen677 states that carrying capacity analysis assumes, “an 
economically closed region without imports or exports.” However, in real life, 
populations are always likely to want to trade a certain amount of material goods 
with others as a way of sharing any internal surplus and making up for shortfalls. In 
fact, trade can serve a very useful social function in providing a population with the 
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material necessities that are not able to be produced locally such as pharmaceutical 
products. Consequently, it is important that carrying capacity models address this 
issue by incorporating the degree and impact of imports and exports between regions. 
International trade appears to possess many flaws, but its greatest failing is its 
complete dependence on the ready availability of cheap fossil fuel, chiefly oil used in 
the transport industry, which is finite and most likely currently already near peak 
production.678 Consequently, even though the current economic growth paradigm has 
ushered in an explosion of global trade since the onset of industrialisation, this 
situation cannot last and a more localised trading system is necessitated by the sheer 
lack of future resources required to maintain the current one. Thus, carrying capacity 
modelling can assist in what is likely to be a difficult transition from a globalised 
world to a localised one, by prompting societal examination of the productive 
potential of each localised region and then estimating the optimal population 
maximum.  
Even though global trade may be significantly curtailed in future, some trade of 
goods is still likely to occur in and out of any localised region. An ideal carrying 
capacity model should therefore provide options for users to account for both imports 
and exports but it should also be made clear that both these aspects potentially 
misrepresent the productive capacity of the landscape within a given boundary. 
7.5.8 Socio-economic 
A carrying capacity assessment could be conducted for any number of societally 
perceived population limits based on constraints such as excessive tourists, excessive 
traffic or excessive building density. This process would involve the reaching of a 
community consensus on what constitutes the experience of over-capacity, then 
equivalent population values assigned to those thresholds and finally infrastructure 
provision would be subsequently capped. However, it is not the purpose of this 
research to develop a carrying capacity model on the basis of societal perception, but 
rather on the constraints imposed by essential human needs. It is conceivable that one 
of these needs could involve the economic requirements of a population. In fact, one 
of the constraints incorporated into Fearnside’s modelling was a per person cash 
availability measure.679 Another example is the impact that existing economic 
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imperatives might have on agricultural production. For instance, after the global 
demand and price for wool fell in the 1990s an equivalent decline in Australian sheep 
stocks is evident,680 reflecting how the global market can currently dictate local 
production. However, such societal needs imbedded in existing economic systems 
are viewed as reasonably fluid entities that could potentially change over short 
periods of time and the current global economy is likely to change dramatically once 
fossil fuel depletion disrupts global trade. 
On the other hand, people will always have the same physiological need for food, 
water and shelter. It is thus argued that, in accord with Maslow’s hierarchy of 
needs,681 socio-economic conditions are dependent on human physical needs so are of 
secondary concern to carrying capacity assessments.   
7.5.9 Prioritisation of constraints 
Cohen682 argues that, “[i]f the interactions among potential constraints were well 
enough understood to be modelled reliably, system models would be attractive for 
conditional estimates of how many people the Earth can support in various modes of 
life.” It is thus important not only to map all relevant constraints to human survival 
but to identify if some constraints are of any more importance than others, to 
prioritise their inclusion into modelling and also to determine any systemic 
relationships where the adjustment of one parameter may influence the condition of 
another. Fearnside’s modelling, for example, highlighted the potential for interaction 
between parameters with either positive or negative feedback. Fearnside identified 
that frequency of planting had an amplifying effect on erosion, and then erosion 
influenced soil quality.683 An ideal carrying capacity model should thus incorporate 
both negative and positive feedback relationships. 
7.6 Explore alternatives 
While Ecological Footprint analysis tends only to offer current or past land-use 
snapshots, carrying capacity modelling is an anticipatory design tool with the ability 
to test future scenarios. Consequently, ideal models should offer suggestions to the 
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user on how the proposed area of land might be best utilised. For instance, users 
could be prompted on various aspects of diet, such as the proportion of red meat, to 
ascertain how human choices affect eventual carrying capacities. Other options may 
include agricultural produced techniques, consumption rates, and traded, wasted and 
recycled proportions. The model should also direct the user to continually strive to 
improve their carrying capacity by refining the design and adjusting lifestyles. By 
highlighting the weaknesses in any potential configuration of user choices, the model 
itself might draw the user’s attention to areas for priority planning. One potential 
way to direct potential outcomes could be through the use of scenario planning. For 
instance, users could be prompted to explore certain parameters with different aims 
in mind such as to maximise population, optimise healthy diets, balance energy 
needs or consider appropriate nature conservation measures. This role-playing 
exercise could help users to identify relationships between critical parameters and 
ultimately help to facilitate the resolution of any conflicts of interest amongst various 
members of a community aiming to live within the carrying capacity of their 
landscape. 
7.7 Credible data and method 
As Fearnside684 explains, “the potential importance of carrying capacity in 
formulating sustainable population and development policies points to the need for 
much more effort, both in theoretical development and in data collection.” A credible 
carrying capacity model is thus entirely reliant on credible data so every effort should 
be made to include the most relevant, detailed, reliable and up-to-date data available. 
Likewise, credible carrying capacity modelling is dependent on a reliable 
methodological process. 
A comprehensive carrying capacity model is likely to contain a considerable 
number of parameters so it is best to not include any superfluous ones that may only 
detract from those more important. Once the essential constraints to carrying 
capacity have been identified, these should inform the data that needs to be collected. 
Carrying capacity assessment is a forward-looking enterprise so the most relevant 
data is likely to be that which most likely aligns with future long-term conditions. 
Applied to geographic analysis, this principle implies that agricultural suitability 
should be assessed, not just existing land usage. 
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The accuracy of the model is dependent on data reliability so creditable sources 
should be favoured first. Government agencies such as the Australian Bureau of 
Statistics are normally the most reputable and detailed sources of data. If choosing 
non-government sources, peer reviewed research is recommended, with non-peer 
reviewed data to be utilised only as a last resort or if it has little impact on carrying 
capacity results. If no credible existing data exists, then it may be necessary to follow 
Fearnside’s lead and rely on self-generated data from field trails and farmer 
interviews.685 Any initiatives in this regard should be equally rigorous but fall outside 
the bounds of this research. In order to maintain the confidence of the user, it is also 
recommended that references to all sources of data and methodological procedures 
are made readily available. 
7.8 Usability 
It is proposed that an interactive computer-based model currently presents the most 
usable and educative modelling platform for carrying capacity assessment. The 
Global Footprint Network686 offers an excellent example of how interactive usability 
can be incorporated into carrying capacity modelling. Even though their Ecological 
Footprint calculator requires users to make multiple decisions, choices are presented 
in a visually engaging manner with slide-bars offering scaled responses. For 
example, one slide-bar asks the user if they eat meat on a frequent, never or 
occasional basis. The inclusion of a narrative to the modelling can also help to 
engage the user. The Global Footprint Network for example, incorporate the use of 
an avatar who inhabits a world that the user builds through their decision making 
process. While the Footprint calculator takes users through a series of steps, asking 
questions relating to lifestyle choices in a consecutive manner, this may not be the 
most effective approach to carrying capacity modelling. The problem with this linear 
approach is that it is impossible to get an idea of how each individual decision affects 
the overall carrying capacity until the process is complete. If adopting this technique, 
a more educative approach would be to display the carrying capacity read-out in an 
ongoing manner so each decision displays a certain impact. Alternatively, all lifestyle 
choices could be made available at the same time and carrying capacity results could 
change in real-time while the user makes their choices. 
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The Footprint Calculator also offers an excellent example of potential formatting 
for carrying capacity results in their pie-charts and bar-graphs displaying 
proportional land-usage. Graphs, diagrams, visualisations and 3D representations 
would also all be potentially informative. Examples of possible data that carrying 
capacity models could display include population projections, estimates of the 
existing degree of population under or over capacity, per person land requirements, 
land usage by resource, food and land type as well as land excess to current usage. 
7.9 Future planning  
Fearnside, in particular, identified land-use planning as one of the prime reasons for 
undertaking carrying capacity assessment.687 However, few planners have taken up 
this challenge because until now, the global resource-utilisation system seems to 
have done an adequate job of catering to human survival, particularly in the affluent 
parts of the world such as Australia. However, likely changes in future lifestyle 
patterns underlined by existing global inequality and initiated by global trends and 
natural constraints,688 gives renewed importance to the carrying capacity imperative. 
It is envisaged that sustainable design outcomes may be optimised by addressing 
land-use and community planning imperatives simultaneously, and by filtering this 
decision-making process through a flexible carrying capacity assessment model. 
Possible planning applications include: determination of population distribution and 
caps to assist long range infrastructure planning (e.g. roads, bridges, services); 
development of future planning scenario options for community education, 
deliberation and choice; the redistribution of populations to fit carrying capacity 
capabilities; the design and layout of communities that optimise resource usage; 
adjustment of lifestyle patterns to align with carrying capacity constraints; and 
implications of an integrated systems approach encompassing economic-
environmental accounting, educational imperatives and political processes. 
One of humanity’s greatest current challenges is to transform the idea of carrying 
capacity assessment into sustainable socio-environmental practice. However, if tools 
are developed to more easily deal with the complex nature of this topic, it is hoped 
that societal acceptance of, and commitment to the carrying capacity imperative may 
grow. 
                                                 
687 Fearnside, Human Carrying Capacity of the Brazilian Rainforest., 157 
688 See, for example, Chapter 5. Future global carrying capacity crisis. 
    166 
According to Schoemaker, there are four key methods of future planning; 
contingency planning, sensitivity analysis, computer simulations and scenario 
planning,689 and each of these approaches can potentially play a role in carrying 
capacity assessment. Contingency planning considers only one uncertainty by 
comparing a base case against one potential contingency.690 Sensitivity analysis takes 
a similar approach but assesses more than one variable, one at a time.691 Computer 
simulations, according to Schoemaker, are useful in the exploration of future 
possibilities in their ability to generate a significant amount of quantitative outcomes, 
but can lack the element of rich analysis that a more qualitative approach may 
provide. 692 The fourth tool for analysis is scenario planning. This technique may 
potentially combine the methods of the three previous approaches but adds the 
dimension of human creativity693 to help explore potential options. Peterson et al.694 
suggest that scenario planning considers, “a variety of possible futures that include 
many of the important uncertainties in the system,” rather than just a single outcome. 
They continue, “[i]n essence, scenarios are alternative, dynamic stories that capture 
key ingredients of our uncertainty about the future of a study system.” 695 Each of 
Schoemaker’s methods of analysis can thus contribute to carrying capacity-led future 
planning, but scenario planning potentially provides the richest outcomes. Chen et al. 
suggest that when applied to the processes of land-use planning, scenario 
development should take into account biophysical suitability, economic feasibility 
and social acceptability.696 Peterson et al. also suggest that the outcomes of scenario 
planning stretch beyond mere analysis but should prompt people to take action using 
available levers such as, “policy, organizational priorities, and education—to shape 
their own future.”697 
 
                                                 
689 Paul Schoemaker, "Scenario Planning: A Tool for Strategic Thinking," Sloan Management Review 
Winter (1995)., 26 
690 Ibid., 26 
691 Ibid., 26 
692 Ibid., 27 
693 Garry D. Peterson, Graeme S. Cumming, and Stephen R. Carpenter, "Scenario Planning: A Tool 
for Conservation in an Uncertain World," Conservation Biology 17, no. 2 (2003)., 359 
694 Ibid., 359 
695 Ibid., 360 
696 Liding Chen et al., "Land Use Evaluation and Scenario Analysis Towards Sustainable Planning on 
the Loess Plateau in China - Case Study in a Small Catchment," CATENA 54, no. 1-2 (2003)., 304 
697 Peterson, Cumming, and Carpenter, "Scenario Planning: A Tool for Conservation in an Uncertain 
World.", 358 
    167 
7.10 Fine-grain scale  
Carrying capacity assessment, by definition, necessitates the delineation of 
geographic boundaries within which the population is relatively self-reliant for their 
resources. An ideal carrying capacity model should best reflect the most appropriate 
delineation from both a biophysical and societal perspective. At present, a global 
boundary best represents the existing system of global trade but in a future energy-
constrained world, the scale is likely to be much smaller and considerations for 
boundary placement may include geographic, climatic, political and societal factors. 
The position and scale of the boundary around which any carrying capacity study 
is drawn can have a significant impact on the resultant outcome. For instance, a 
carrying capacity assessment of a city would be much smaller without the inclusion 
of any productive hinterland, and obviously the carrying capacity of a fertile river 
basin is likely to be larger than that of a desert of equivalent size. There is no obvious 
limit in potential size of carrying capacity assessments, notwithstanding the obvious 
constraint of the global dimension, and perhaps, at the small scale, a piece of land too 
small to grow anything. However, the accuracy and usefulness of the assessment 
may differ depending on where the boundary is placed. There have been various 
estimates of global carrying capacities698 but Cohen699 claims that none can be 
accepted with complete confidence, as estimates ranged from less than one billion to 
more than one thousand billion people. However, it seems reasonable to expect that a 
higher degree of detailed data entered into any carrying capacity model is likely to 
yield a more accurate final result than a lesser detailed analysis. Consequently, it also 
seems reasonable to suggest that a geographically smaller landscape boundary may, 
in many cases (although perhaps not always), offer the possibility of more detailed 
input data than a larger one, so may often be more accurate. This premise can be 
evidenced by examples of carrying capacity assessments of both increasing size and 
accuracy such as the rough global assessments of Smil,700 the national scale of 
Fairlie,701 state-based scale of Peters et al.702 and the finely detailed analysis of 
Fearnside703 which covered an area less than 500 km2. 
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Various authors have addressed the issue of optimum scale delineation. Williams 
and Walcot704 for instance, suggest that, “[i]ncreasingly in Australia, the catchment 
area (i.e. that area defined by a watershed) is being recognized as a logical division 
of the landscape at which to begin addressing the problems of land degradation.” 
Mochelle,705 also points out that size restraints should be dictated by the goals of 
long-term sustainability, democratic participation and equitable access. Alternatively, 
Cohen706 argues that the systems-modelling of populations is best approached, “on a 
small geographic scale,” while Wackernagel707 devised Ecological Footprint analysis 
in order to measure global scale carrying capacities. In the future it is likely that 
biophysical constraints, particularly reduced energy availability, will also dictate the 
scale at which self-reliance occurs. In a future energy-constrained world, it is likely 
that local communities will need to aim for a high degree of local self-reliance in 
basic, frequent-use and bulk item needs, as these items require much energy to 
transport.708 Consequently, in accord with carrying capacity constraints to basic 
needs,709 the designated community boundary should encompass the production and 
consumption of most resource requirements; capture the environmental assimilation 
of wastes; allow a safety margin for seasonal and climate variability, possible 
resource interruptions, exports, imports and visitor influxes; and include land set 
aside for natural habitat within the defined precinct to facilitate biodiversity and 
ecosystem services. Given that these aspects will generate a wide variety of possible 
design outcomes dependent on each specific locale, an ideal carrying capacity 
assessment should incorporate a degree of scalability from regional to local to micro-
local. 
While the Douglas710 and Noosa Shires711 achieve a reasonable degree of small-
scale delineation, both chose politically-dictated rather than geographically-defined 
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boundaries. Even though the existing political structure actually directed this 
approach, a potential long-term problem is that existing lot boundaries are too often 
susceptible to alteration, thus complicating future analysis. Consequently, 
topographically defined, rather than politically dictated boundaries best define the 
population carrying capacity for any given area. 
Mochelle712 proposes aligning regional boundaries and establishing local precincts 
or planning cells on the basis of water sub-catchments or tributary basins. This 
process would involve identifying and mapping all ridge-lines and water-ways and 
then considering an appropriate scale of delineation. Some regional delineation has 
occurred in Australia according to geographically defined criteria including the 
Natural Resource Management (NRM) system which breaks Australia into 56 zones 
(Figure 29) and also the Interim Biogeographical Regionalisation of Australia 
(IBRA) which identifies 85 different zones (Figure 30). While the regions defined by 
these maps are generally larger than those recommended by Mochelle, the IBRA 
delineation, more so than the NRM mapping, provides an insightful representation of 
geographically-defined boundaries. The IBRA map disregards political alignments 
such as states and councils, instead defining boundaries by regional differentiation of 
climate, geomorphology, landform, lithology and characteristic flora and fauna.713 
                                                 
712 Mochelle, "Conceiving the Rural Precinct and Its Boundaries: Towards a New Framework for 
Rural Planning.", 14 
713 Australian Government, "Interim Biogeographical Regionalisation of Australia, Version 6.1,"  
(Canberra: Commonwealth of Australia, 2005). 
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Figure 29. NRM boundary delineation illustrating a compromise between geographically and 
politically aligned boundaries.714 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30. IBRA boundary delineation - a geographically aligned approach. 715 
                                                 
714 ———, "Map of NRM Regions," Commonwealth of Australia, 
http://www.nrm.gov.au/about/nrm/regions/index.html.. (redrawn from original) 
715 ———, "Interim Biogeographical Regionalisation of Australia, Version 6.1." 
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Birdsell716 suggests that a landscape-based approach to regional delineation was 
also traditionally adopted by Australian Aboriginal communities, noting, “a high 
degree of correlation between tribal boundaries and ecological and geographical 
limits,” including mountain ranges, rivers, general ecological and plant associational 
boundaries, microclimatic zone limits, straits and peninsulas (Figure 31). According 
to Birdsell,717 “Tindale (1940) has listed 574 aboriginal tribes for Australia. Brown 
(1930) estimated that at the time of discovery the total aboriginal population 
numbered 251,000 as a minimum, but more probably exceeded 300,000.” 
Figure 31. Map of Aboriginal Australia718 showing pre-colonisation Aboriginal regional boundary 
delineation in Australia. 
 Choices for the scale of such self-sufficient communities might be determined by 
several factors. Firstly, transportation choices in the context of future energy 
constraints should be a priority. For instance, what will be the likely availability, 
speed and convenience of future transport options? Are the most viable options 
public transport, bicycles, private vehicles or walking and what is the maximum 
suitable distance between key destinations within the region by its inhabitants? 
Social function and equitable access should also be assessed. For instance, 
consideration should be given to sufficient internal enterprise for a wide range of 
human abilities and interests in addition to the optimal population sizes to effectively 
deliver social service diversity such as medical facilities. Another determinant of 
self-sufficiency is resource usage such as sufficient land requirements for localised 
production and assimilation of most resources including food production and water 
capture and storage should also figure highly in deliberations.719 Lastly, questions of 
human nature may also help to determine the scale at which communities endeavour 
                                                 
716 Birdsell, "Some Environmental and Cultural Factors Influencing the Structuring of Australian 
Aboriginal Populations.", 173 
717 Ibid., 172 
718 David Horton, "Aboriginal Australia,"  (Canberra: Aboriginal Studies Press, 1996). 
719 Mochelle, "Conceiving the Rural Precinct and Its Boundaries: Towards a New Framework for 
Rural Planning.", 15 
Image deleted for copyright reasons.  
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to become self-reliant. For instance, Vail720 and Ostrom721 argue that local production 
and consumption of resources engenders greater environmental and ethical 
responsibility in local populations because impacts are often more immediately 
obvious and behavioural change, more willingly undertaken. Accordingly, in order to 
ensure more equitable and sustainable future land-use patterns it will be important to 
directly link and limit populations to the scale of regions that sustain them. 
In general, an ideal carrying capacity model would thus exhibit a degree of 
flexibility in its scalability, with small-scape options which are geographically rather 
than just politically defined. 
7.11 Summary 
According to the findings of this research,722 the components of an ideal carrying 
capacity model can be summarised as one that would: 
 
1. Allow for choice in the underlying whole-of-system, including political and 
economic institutions, technology, demographic arrangements, environmental 
conditions, moral values, plus levels and distribution of societal well-being. 
2. Allow for choice in cultural habits such as diet, fashion, taste and tradition. 
3. Proffer dynamic responses allowing for various time-frames and random 
variation. 
4. Assess levels of risk.  
5. Consider constraints primarily in resource systems (e.g. food, water, energy, 
shelter) and secondarily through environmental impacts and socio-economic 
factors. 
6. Check for inconsistencies and explore alternatives by prompting users to 
resolve problems and contradictory choices. 
7. Contain credible methodologies and empirically tested data drawn from 
relevant sources and relevant to the scale and population of interest. 
8. Offer simple and intelligible usability. 
9. Be applicable to long range future-oriented socio-environmental planning.  
10. Consider fine-grained scale analysis and methods for defining localised 
boundaries. 
                                                 
720 Vail, "Envisioning a Hamlet Economy: Topology of Sustainability and Fulfilled Ontogeny ". 
721 Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action., 90 
722 As explored in Chapters 7.1 to 7.10. 
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Consequently, the key elements of a model best suited to meet the practical aims 
of this research to develop a carrying capacity assessment model for the 
contemporary Australian context, include an interactive, Australia-wide, scalar, 
temporally adjustable and resource-based focus. 
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8. Construction of carrying capacity assessment model 
In accord with the aims of this research,723 a carrying capacity model has been 
developed which is resource-based, interactive and Australia-wide with regional 
applicability. Released in early 2012, the publicly available model is called the 
Carrying Capacity Dashboard.724 This chapter describes the processes involved in its 
development and construction. 
Fearnside725 suggests that the assessment of a landscape’s carrying capacity 
involves calculating the “total land area available to the community divided by the 
area required per head.” While theoretically straightforward, Fearnside’s own 
KPROG2 modelling suggests that the complexity of society’s resource 
considerations can lead to an equally complex model. 726 
This research categorises the parameters required for a comprehensive model of 
basic human resource requirements under five main headings: scalar, land-use, 
resource-use, temporal and population (Figure 32). The scalar and land-use 
categories are both spatially derived, the resource and population parameters relate to 
societal characteristics and the temporal parameters affect potential future time-
frames. Generally, the Dashboard modelling follows a process as follows: 
 
1. Users are invited to determine a population’s consumption pattern from a set 
of resource parameters (red boxes in Figure 32). 
2. Existing consumption datasets for the Australian context informs the 
estimated population’s consumption amounts (yellow boxes in Figure 32). 
3. The consumption data is processed with regard to aspects such as losses in 
production, anticipated preferences according to local resource availability 
and specific localised yield data in order to ascertain production requirements 
from the consumption choices (blue boxes in Figure 32). 
4. Based on the localised yield data, resource production requirements are then 
converted to land area requirements on a per person basis for various land-use 
                                                 
723 See Chapters 2.4 Research design, 2.1 Research objectives and 2.3 Scope of research. 
724 In this document the Carrying Capacity Dashboard is also referred to simply as the Dashboard. 
725 Fearnside, Human Carrying Capacity of the Brazilian Rainforest., 74 
726 Fearnside’s causal loop diagram illustrates the complex interrelationship of more than 60 different 
variables. Ibid., 129. Also refer to Chapter 6.5.1 Brazil. 
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categories such as cropping land and pasture. According to local availability 
of these types of land-uses, the total number of people supportable by their 
landscape is ascertained (population carrying capacity), along with the 
amount of land used for each function such as food production, plus the 
amounts of excess land available but not required within the parameters given 
(green boxes in Figure 32). 
According to Fearnside’s formula where land availability divided by per person 
area requirements equals carrying capacity, the Dashboard determines land 
boundaries by its scalar parameters; the land availability through its land-use 
parameters and the land requirements by its resource parameters. Fearnside’s options 
for short-term and long-term carrying capacity are then offered as part of the 
temporal parameters.727 Each of the parameters offered in the Dashboard are able to 
be adjusted by the user. It is important to note that the alteration of each parameter by 
the user applies to the entire population chosen by that user. For instance, if choosing 
a vegan diet for the state of Queensland, the modelling assumes that the entire 
Queensland population is eating vegan. In order to compare parameter impacts, such 
as diets, the user needs to make the choices once, make note of the outcomes, change 
the parameter and then compare the differences in output. Within the modelling, it is 
not currently possible to direct different parts of the one population to adopt different 
behaviour. 
                                                 
727 Refer to Chapter 7.3 Dynamic timeframes. 
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Figure 32. Processes within Carrying Capacity Dashboard presenting the overall model in flowchart 
form, with component parts explained in the following sections. 
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8.1 Scalar parameters 
Given that one of the underlying notions behind this research is that in the future, 
resources may need to be consumed much closer to where they are produced, it is 
important to gain as accurate a dataset as possible at the smallest possible scale. 
However, it is also acknowledged that larger scaled analysis may in some instances 
also provide valuable insights into carrying capacity at scales that society currently 
accepts as normal. For example, larger scales of analysis could be useful if testing 
whether Australia as a whole could be self-sufficient in food production. 
Consequently, this research firstly aims to provide the ability to estimate carrying 
capacity on a regional scale but also includes larger scales for comparative analysis.  
Ultimately, the key determinant for the scale of land delineation for this carrying 
capacity assessment model was the availability of Australian Bureau of Statistics 
(ABS) agricultural yield data as, “the ABS is the only organisation that provides an 
overall picture of the complete agricultural sector.”728 Given that this data is pivotal 
in the estimation of carrying capacity, the Dashboard’s scale of analysis was matched 
to that of the ABS datasets. While collected at the farm or land-holder scale, the ABS 
datasets are released at various larger scales including national, state, Natural 
Resource Management Areas (NRM), Statistical Districts (SD) and Statistical Local 
Areas (SLA). Currently ABS agricultural production data is collected by a nation-
wide census729 every five years (e.g. 2001, 2006, and 2011) and released the 
following year while representative sample surveys730 are used on a yearly basis 
between censuses. 
NRM data is a recent addition to ABS’s datasets, beginning in only 2006. There 
are 56 designated NRM areas in Australia. Although state and territory boundaries 
influence NRM delineation, natural resource management regions are generally 
based on catchments or bioregions. The ABS release yield data at the NRM scale as 
well as state-wide scales and a national scale so all three scales were incorporated 
into Dashboard modelling, with seven states, 52 NRMs (the whole of the Northern 
Territory being both a state and an NRM) and Australia as a whole, making up 60 
                                                 
728 Australian Bureau of Statistics, "Survey Participant Information - Agricultural Surveys," Australian 
Government, 
http://www.abs.gov.au/websitedbs/D3310114.nsf/4a256353001af3ed4b2562bb00121564/2c13495b4a
edb8b8ca25702f007fa647!OpenDocument#1. 
729 ———, "Agricultural Census," Australian Government, 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DOSSbyTopic/AD7C6DD1D14FB809CA256BD0002
72737?OpenDocument. 
730 ———, "Agricultural Survey,"  (Canberra: Australian Government, 2011). 
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zones in total (Figure 33 and Table 2). The NRM dataset was chosen ahead of the SD 
and SLA datasets for regional modelling because it better reflects topographically 
defined, rather than politically dictated boundaries.731 
 
Figure 33. The 60 zones included in Dashboard modelling at national, state and regional scales. 
 
 
 
 
 
 
 
                                                 
731 It was identified in Chapter 7.10 Fine-grain scale that topographically defined, rather than 
politically dictated boundaries are preferable in carrying capacity modelling. 
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Table 2. Locations names of the zones included in Dashboard modelling. 
 
 
1. Australia 
2. New South Wales 
and ACT 
3. Border Rivers - 
Gwydir 
4. Central West  
5. Hawkesbury - 
Nepean - Sydney 
6. Hunter - Central 
Rivers 
7. Lachlan 
8. Lower Murray 
Darling 
9. Murray 
10. Murrumbidgee - 
ACT 
11. Namoi  
12. Northern Rivers 
13. Southern Rivers 
14. Western NSW 
15. Victoria 
16. Corangamite 
17. East Gippsland 
18. Glenelg Hopkins 
19. Goulburn Broken 
20. Mallee 
21. North Central Vic 
22. North East Vic 
23. Port Phillip and 
Westernport 
24. West Gippsland 
25. Wimmera 
26. Queensland 
27. Border Rivers Maranoa-
Balonne 
28. Burdekin 
29. Burnett Mary 
30. Cape York 
31. Condamine 
32. Desert Channels 
33. Fitzroy 
34. Mackay Whitsunday 
35. Northern Gulf 
36. South East Qld 
37. South West Qld 
38. Southern Gulf 
39. Wet Tropics 
40. South Australia 
41. Adelaide - Mount Lofty 
Ranges 
42. Alinytjara Wilurara 
43. Eyre Peninsula 
44. Kangaroo Island 
45. Northern and Yorke 
46. SA Arid Lands 
47. SA Murray Darling Basin 
48. South East SA 
49. Western Australia 
50. Avon 
51. Northern Agricultural 
52. Rangelands 
53. South Coast WA 
54. South West WA 
55. Swan 
56. Tasmania 
57. North Tas 
58. North West Tas 
59. South Tas 
60. Northern Territory 
 
At the time that modelling was being conducted for this research (2011), the ABS 
had compiled 5 years of NRM agricultural production data. In accord with Peters et 
al.732 who utilised five years of agricultural data for their carrying capacity 
assessment of New York State (1999 – 2003), modelling for the Dashboard used five 
years of ABS agricultural data (2006-2010) in order to derive average yield figures 
for each crop. Given that yield data can fluctuate from year to year, the approach of 
Peters et al. to average a number of years of production provides the most reliable 
method for accommodating such variability. However, it is important that the years 
used to gauge this average are in fact indicative of likely future yields. Given that 
climatic conditions, particularly rainfall,733 are key determinants of agricultural 
production, an analysis of climatic data was undertaken for the years 2006 to 2010 to 
ascertain if they were typical. Records from the Australian Bureau of Meteorology 
(Table 3) show that this period was in fact reasonably representative of the long-term 
                                                 
732 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
733 Wimalasuriya et al. state that, “Victorian dryland cropping is sensitive to rainfall but not average 
maximum temperature variability” and that, “rainfall is a reasonable measure of dryland crop 
production.” Rukman Wimalasuriya et al., "Rainfall Variability and Its Impact on Dryland Cropping 
in Victoria," in 52nd Annual conference of the Australian Agricultural and Resource Economics 
Society (Canberra: 2008)., 18 
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average national rainfall for the states and the nation as a whole.734 The difference 
between the 5-year average and long-term average national is 113 percent, while at 
the state scale, New South Wales, Victoria and Tasmania are slightly under the long-
term average, South Australia is at 100 percent and the over states are slightly over. 
Generally, the largest differences occur in 2010. However, it should be noted that the 
ABS yield data is drawn from financial years rather than calendar years so is actually 
six months prior to the meteorological data. According to the Australian Bureau of 
Meteorology, it was the second half of 2010735 (which actually falls outside the ABS 
recording period) that saw the highest rainfall so the 2010 average rainfall figures, 
may not be entirely representative of the financial year timeframe adopted by the 
ABS. 
Table 3. Australia and the states’ average rainfall for the years 2006 to 2010736 compared to the long-
term average according to Bureau of Meteorology data.737  
 
Annual 
average 
yearly 
rainfall (mm) 2006 2007 2008 2009 2010 
5-year 
average 
Long-
term 
average 
difference: 
5-year to 
long-term 
average 
Australia 489 506 479 461 703 528 465 113% 
NSW-ACT 353 540 519 485 815 542 553 98% 
Vic 366 615 511 536 866 579 660 88% 
QLD 605 681 672 701 1137 759 623 122% 
SA 145 214 183 208 369 224 225 100% 
WA 484 372 385 323 339 381 341 112% 
Tas 1038 1215 1145 1528 1395 1264 1390 91% 
NT 684 678 561 517 945 677 540 125% 
While land-use, population and resource Dashboard parameters accommodate 
user alteration, the scalar attributes (including yield data) do not allow user 
manipulation. The processing of ABS yield data in order to attain consistency across 
all crops and regions required considerable effort so it was considered unlikely that 
online users would have sufficient experience to make well-informed decisions in 
this regard. 
Lack of consistency in ABS yield data meant that various alterations needed to be 
made to the base data prior to incorporating it into the Dashboard model. For 
                                                 
734 Rainfall data at the NRM scale was not available for this analysis. It may be possible to  
735 Bureau of Meteorology, "Annual Climate Summary 2010," Australian Government,, 
http://www.bom.gov.au/climate/annual_sum/2010/index.shtml. 
736 ———, "Annual Climate Summary Reports," Australian Government,, 
http://www.bom.gov.au/climate/annual_sum/annsum.shtml. 
737 ———, "Australian Climate Variability & Change - Time Series Graphs," Australian 
Government,, http://www.bom.gov.au/cgi-bin/climate/change/timeseries.cgi. 
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example, the yield data (in Microsoft Excel format) at NRM scales was available 
under the Small Area Data set for the years 2006738 and 2007739 while this scale 
became incorporated into the Australian set for 2008,740 2009741 and 2010.742 
Processing the data to attain consistency and relevance for the Dashboard model 
involved the following: 
1. Reduce number of regions. Three NRMs were much smaller than the others 
and possessed little agricultural land so were incorporated into their 
surrounding region. Consequently, the ACT was combined with 
Murrumbidgee, the Torres Strait was combined with Cape York and the 
Sydney Metro region was absorbed into the Hawkesbury-Nepean NRM. 
2. Delete irrelevant commodities. The ABS yield data contains commodities 
not relevant for Dashboard modelling such as turf, cut flowers and land 
ownership details. These were deleted. 
3. Re-order commodities. The ABS ordered commodities in each dataset 
differently each year so the ordering of the five files was made consistent and 
this process also identified the commodities that were recorded for some 
years and not others. For instance, the 2010 set contained less than half of the 
commodities included in the 2009 set. 
4. Make unit of measurement consistent. Some commodities are measured in 
kilograms while others are measured in tonnes so all kilogram measurements 
were converted to tonnage for consistency of yield data. 
5. Convert fruit tree numbers to hectares. For most fruits, the ABS collects 
data for the number of trees within a region rather than the amount of land. In 
order to incorporate fruit into the Dashboard as a tonnes per hectare amount 
like all other commodities, it was necessary to make an estimate of the 
number of fruit trees per hectare (see Appendix Table 18).   
6. Match ABS commodities to Australian diet. The diet used by the 
Dashboard is based on National Health and Medical Research Council743 
                                                 
738 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06,"  
(Canberra: Commonwealth of Australia, 2008). 
739 ———, "Agricultural Commodities: Small Area Data, Australia, 2006-07,"  (Canberra: 
Commonwealth of Australia, 2008). 
740 ———, "Agricultural Commodities Australia 2007-08,"  (Canberra: Commonwealth of Australia, 
2009). 
741 ———, "Agricultural Commodities Australia 2008-09." 
742 ———, "Agricultural Commodities Australia 2009-10,"  (Canberra: Commonwealth of Australia, 
2011). 
743 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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recommendations. However, not all foods included in the diet were recorded 
by the ABS so yield omissions such as buckwheat, passionfruit and kale were 
sourced from elsewhere (see Appendix Table 18).   
7. Make allowance for seed stock. Assuming self-sufficiency within any 
region means that enough seeds (or seed stock in the case of potatoes) need to 
be set aside from harvest for planting the following crop. In the case of 
grains, legumes and potatoes this was achieved by deducting an estimated 
weight from the original harvest according to research directly related to each 
commodity (see Appendix Table 19). For example, if the total harvested 
weight of wheat is one tonne, the seed multiplier factor of 0.067 would allow 
933kg for usage and 67kg for seed. Alternatively, a different method was 
used for vegetables as data for seed requirements was less readily available. 
In this case, a figure of 2% increase in land requirements was used, thus 
increasing the hectare requirements rather than the other method which 
reduced the tonnes produced. The 2% figure was derived from ABS yield 
figures for 2006,744 2007745 and 2009746 which included both an estimate of 
nation-wide land areas used for vegetables as well as land requirements for 
their seed production. By dividing the latter by the former and averaging the 
three years, it was found that land for vegetable seeds was 2% of the overall 
vegetable growing area (see Appendix Table 19). Land requirements for 
mushrooms were also calculated at this stage and involved a similar addition 
to the overall growing area. However, rather than the additional land being 
needed for the production of seed, in this case, the extra land is for the 
production of hay and compost which forms the beds in which the 
mushrooms grow. 
8. Delete non-reliable figures. The Dashboard assumes that the yield data 
provided by ABS statistics is representative of the entire region. However, in 
some cases, the production of some commodities is quite small so might not 
be truly representative. Consequently, in the cases where either the 
productive area or weight of production was deemed too low to form a 
representative sample, these figures were removed from the dataset. A 
threshold of 10 hectares and/or 10 tonnes was chosen as the minimum 
                                                 
744 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06." 
745 ———, "Agricultural Commodities: Small Area Data, Australia, 2006-07." 
746 ———, "Agricultural Commodities Australia 2008-09." 
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requirement.747 Additionally, if ABS data shows yield data for only one year 
out of the five years examined, then this figure is not considered to be an 
average amount and is also deleted. Lastly, there were some figures that were 
so far over or under the national averages that their accuracy came into 
question. Consequently, in the case where a yield figure was less than half or 
more than double the average, it too was deleted from the dataset. For 
example, the 2006 yield for sugarcane in the Southern Rivers NRM of 33.2 
tonnes per hectare was deleted from the dataset because it only appeared in 
the production figures once in the 5-year period and was also less than half 
the national average for sugar cane of 70 tonnes per hectare. 
9. Delete incomplete datasets. In some cases the ABS data gives the amount of 
hectares without stating the production amount or vice versa. In these cases 
where it is impossible to ascertain a tonnes per hectare figure, the data was 
deleted altogether. 
10. Determine grazing yields. ABS figures generally account for the number of 
sheep, dairy cattle, beef cattle and other grazing animals included in a region, 
but only include the one figure for grazing land. Consequently additional 
calculations needed to be made to determine a productive yield figure for 
each animal. This was achieved by apportioning the number of animals in a 
region to their share of the overall grazing land. A Dry Sheep Equivalent 
(DSE) index was used for this purpose as it is a standard unit frequently used 
to compare the feed requirements of different types of stock.748 For instance, a 
45 kg Merino ewe has a DSE of one while a 500 kg pregnant cow has a DSE 
eleven times this amount.749 The use of this index meant that the total regional 
grazing land area could be divided amongst all animals in a way that reflected 
each animal’s feed requirements. Once the total number of animals was 
determined for a particular piece of land, an estimate of meat, wool and egg 
production could then be calculated and a tonnes per hectare figure derived 
for each animal product (see Appendix Table 20). This approach was applied 
to all three geographic scales – national, state and NRMs. 
                                                 
747 Most of the figures within this minimal range came from ABS spreadsheets which included the 
comment that the estimate has greater than acceptable relative standard error and is considered too 
unreliable for general use. ———, "Agricultural Commodities: Small Area Data, Australia, 2005-
06.", ———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, 
"Agricultural Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-
09.", ———, "Agricultural Commodities Australia 2009-10.". 
748 McLaren, "Dry Sheep Equivalent for Comparing Different Classes of Livestock.", 1 
749 Ibid., 1 
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11. Conversion to tonnes per hectare. The ABS figures are given in both land 
usage amounts (hectares) and production weight amounts (tonnes). In order to 
determine a single yield figure, tonnes were divided by hectares (tonnes per 
hectare). 
12. Five year average. The five sets of yield data for each commodity for each 
of the 60 regions were then averaged. 
13. Estimate non-inclusions. Some regions do not currently grow certain crops 
even though climatically, they potentially could do so. Given that the 
Dashboard assumes self-sufficiency within any region, it is thus also assumed 
that a wider array of crops may need to be grown in some regions than is 
currently the case. Consequently, a method was developed to estimate the 
projected yield of climatically applicable crops. To achieve this, a national 
average for the particular crop was compared to the regional average of all 
cereals. For example, the South West Queensland region produced wheat, 
oats, barley and sorghum but not maize. In order to determine an estimated 
maize yield, an average comparison to the national cereal yield was 
established by dividing each of the regional cereal yields by the national 
cereal yield, which resulted in a percentage reduction of 60 percent for this 
region compared to the national average. In other words, South West 
Queensland’s cereal yield was estimated to be six tenths of the national 
average grain yield. In order to derive the estimated maize yield, for this 
region, the national maize yield of 5.3 tonnes per hectare was then multiplied 
by 60 percent to find an estimated regional maize yield of 3.2 tonnes per 
hectare.750 
This data manipulation process resulted in a single spreadsheet with all 60 regions 
across the x-axis and 134 resource commodities on the y-axis, with the 
corresponding 8,040 pieces of 5-year average yield data.  
8.2 Land-use parameters 
The amount of various types of land-use classes in each region determines the type 
of agricultural production that can take place within that region. For instance, if there 
                                                 
750 Equation for the calculation of estimated regional crop yield in the absence of historic data: 
regional individual cereal yield = national individual cereal yield x average regional cereals yield 
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is very little cropping land available in a region, then in order for the population to be 
self-sufficient, according to Dashboard modelling, it would support only a limited 
population no matter how much pasture land was available. Land availability 
according to its usage type is thus a key determinant of a region’s carrying capacity. 
The Dashboard modelling accommodates five types of land-use; cropping, pasture, 
non-agricultural,751 infrastructure752 and nature reserve; and areas for these figures (in 
square kilometres) add up to the total amount of land available in each region. These 
land types are generally in accord with Peters’ et al.753 approach which relied on three 
categories: land usable for any crop, land limited to perennial crops / pasture and 
land limited to pasture. While Peters’ et al. research only included food production 
(so land uses outside of agricultural productivity were not relevant to their study), 
they still mentioned the other uses of woodland and other land (built, roads, ponds, 
waste).754 The Dashboard used similar categories with “other land”, the equivalent of 
infrastructure and “woodland”, part of the non-agricultural category. Fairlie also uses 
similar categories in his study,755 titling them arable, pasture and woodland.756 Both 
Fairlie and Peters relied on publicly available data to inform their land-use 
categories757 and both also reduced the number of categories down in order to 
simplify the model. For instance, Fairlie combined three types of cropping land; 
tillage, leys758 and set-aside and Peters combined the three categories; vegetables, 
fruit and cereals for their cropping land category. 
Recent versions of Ecological Footprint models759 also use a similar categorisation 
of land-usage. For instance the Global Footprint Network760 incorporates five land-
use categories: cropland, grazing land, fishing grounds, forest land, carbon footprint 
(formerly known as fossil energy equivalent) and built-up land. Compared to the 
Dashboard, these land-types generally align with cropping, pasture, non-agricultural 
                                                 
751 Non-agricultural land was considered to be the land remaining after other categories were allocated 
so includes unprotected bushland and forestry areas.  
752 Infrastructure land is land used for the following purposes: manufacturing, industrial, residential, 
services, utilities, transport, communication, mining and waste treatment. 
753 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
754 ———, "Input and Output Data in Studying the Impact of Meat and Fat on the Land Resource 
Requirements of the Human Diet and Potential Carrying Capacity: The New York State Example "., 
18 
755 Fairlie, "Can Britain Feed Itself?." 
756 ———, Meat: A Benign Extravagance., 104 
757 Peters et al. relied on state-wide data and Fairlie on national government generated data. 
758 Leys refers to temporary pastures which are rotated with cropland to provide fertility. 
759 Borucke et al., "Accounting for Demand and Supply of the Biosphere’s Regenerative Capacity: 
The National Footprint Accounts’ Underlying Methodology and Framework.", 10-13 
760 Global Footprint Network, "Application Standards." 
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and infrastructure land. At present the Dashboard includes only farmed rather than 
oceanic fish-grounds and land ascribed to carbon footprint by the Global Footprint 
Network would merely fall under one of the other Dashboard categories such as 
cropping land (in the case of biofuel production) or non-agricultural land (for timber 
production). 
The Dashboard provides default land area amounts according to the five types of 
usage so that users can conduct accurate carrying capacity assessments for all 60 
potential regions without any prior knowledge of land-usage amounts. While it is 
possible for users to adjust these figures manually, it is anticipated that in general, 
they are unlikely to have sufficient background knowledge to make informed choices 
in this regard. For this reason, the Dashboard does not provide slider-bars (which the 
other parameters have) so users have to manually type over existing figures (thus 
making the process more difficult and slower) rather than the easier option of 
dragging gauges up and down to adjust the land areas. The option to not allow users 
the ability to alter these figures at all was discounted because of the wider aims of 
this study to encourage the use of the Dashboard at even smaller scales than the 
NRM regions provided. In this way, communities within an existing region can 
potentially adjust the land-use areas manually to reflect their sub-region. While the 
accuracy of applying yield data from a larger region to a smaller one may diminish 
its reliability, the Dashboard nonetheless provides that best data available for the 
smallest possible scale.  
The data used to inform the Dashboard was largely drawn from ABS sources.761 
The amount of land used for these five purposes tends to vary somewhat from year to 
year in Australia so an average of the years 2006 to 2010 (same years that the yield 
data was drawn) was used. Inconsistent reporting of land-use data over this five year 
period meant that the ABS data needed to be incorporated in different ways. For 
instance, in 2006 all areas under pasture were combined in the one figure while in 
2008, 2009 and 2010, the sub-categories of improved pasture and other pasture were 
listed, and in 2007, there was no figures given for pasture land at all. Consequently, 
in order to determine an average pasture figure for each region, all subcategories 
were combined and a four year average was made (excluding 2007). While various 
                                                 
761 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06.", 
———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, "Agricultural 
Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-09.", ———, 
"Agricultural Commodities Australia 2009-10." 
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cropping land subcategories were included in the ABS figures between 2006 and 
2010, it was possible to combine them all and average all five years to determine the 
amount of cropping land in use for each of the regions. 
While ABS agricultural commodity datasets provided sufficient information for 
cropping and pasture land, figures for areas of nature reserve and infrastructure land 
were not adequately included in this dataset so had to be derived from elsewhere. For 
instance, nature reserve areas were sourced from Australian Collaborative Land Use 
and Management Program (ACLUMP) NRM datasets762 while land used for 
infrastructure was derived from ACLUMP national land-use datasets.763 The nature 
reserve areas were calculated by adding land-use areas described as nature 
conservation, other protected areas and water bodies.764 The infrastructure land area 
amounts were derived only from national figures because insufficient detail was 
given in the regional data. A total national figure was achieved by adding the figures 
for manufacturing, industrial, residential, services, utilities, transport, 
communication, mining and waste treatment. This figure was then divided by the 
Australian population to calculate a per person land-use figure of 1606 m2. However, 
this figure includes all residential land (totalling 963 m2 per person765) even though 
much of this land could potentially serve a productive purpose (but this infrastructure 
category assumes that the land is alienated from agricultural production). It was thus 
necessary to calculate the amount of residential land that could have agricultural 
potential. This was achieved by replacing the infrastructural residential land amount 
with an estimate of the building footprint. Of the 17 Australian suburbs assessed by 
Hall,766 an estimate of 223 m2 was made for the average residential dwelling footprint 
                                                 
762 Australian Collaborative Land Use and Management Program (ACLUMP), "Land Use Reporting,"  
(Canberra: Bureau of Rural Sciences, 2009). 
763 ———, "Land Use of Australia, Version 4, 2005/2006,"  (Canberra: Bureau of Rural Sciences, 
2010). 
764 Water bodies were cited in ACLUMP Ibid. documentation as including reservoirs, lakes, rivers, 
wetlands and estuaries. The latter four parts to this list are nature conservation areas but reservoirs 
includes urban water storage, evaporation basins and effluent ponds so this category was deemed to be 
part of the infrastructure category so was manually deducted from the water bodies category and 
added to infrastructure. 
765 This 963m2 per person (residential land-use) reflects the large amount of land held in rural or semi-
rural properties which are not considered farmland. For instance, ABS figures suggest that in 
Australia, rural-based residential land amounts to 9,491 km2 which is almost half of all residential land 
even though the vast majority of people live in urban areas. Australian Bureau of Statistics, 
"Australian Social Trends, Housing, Table 1 Housing National Summary, 1997-2007,"  (Canberra: 
2008). 
766 T Hall, "Where Have All the Gardens Gone?," Australian Planner 45, no. 1 (2008)., 3 
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and according to Moroney and Jones767 an average paved area footprint within 
residential lots is about 49 m2, giving a total of 272 m2 for the average residential 
land per lot alienated from productive usage. Given that ABS Australian housing 
data768 reveals that on average 2.5 people live in each dwelling769 and also 
apportioning the amount of single storey and multistorey dwellings according to the 
same data, a total residential footprint of 89 m2 per person was derived, which, when 
added to the other infrastructure figures (Table 4) generates a land-use total for 
infrastructure of 732 m2 per person. 
Table 4. Australian per person land-use figures for various functions which together, inform the 
amount of estimated land currently required for infrastructural purposes. 
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This approach to the calculation of infrastructure land, while based on reasonable 
assumptions, could be improved if more accurate and widespread data was available. 
For instance, only indicative figures for various suburbs were used in the calculation 
of dwelling footprint rather than a nation-wide analysis. It was also assumed that 
these nation-wide statistics are indicative of dwelling sizes and densities for all 
regions. More accurate regional analysis would improve this method. Additionally, 
even once it was established that only 89 m2 of the estimated total per person 
residential land amount of 963 m2 was alienated from agricultural production, the 
quality of the remaining 874 m2 was not able to be determined as it appears that no 
research has been done on this topic. Consequently, for modelling purposes, this land 
was placed in the non-agricultural category which only allows the model to utilise it 
for timber production. Future detailed analysis of the quality of residential open-
space could mean the transfer of this land portion to pasture or cropping land, thus 
increasing carrying capacities for each region.  
                                                 
767 J. Moroney and D. Jones, "Biodiversity Space in Urban Environments: Implications of Changing 
Lot Size," Australian Planner 43, no. 4 (2006)., 25. This estimate was for 24 indicative lots in 
Brisbane only but is assumed to be representative of other urban areas. 
768 Australian Bureau of Statistics, "Australian Social Trends, Housing, Table 1 Housing National 
Summary, 1997-2007." 
769 An adjustment, based on ABS figures was made to this figure to accommodate the proportion of 
people living in single and multi-storey dwellings. Ibid. 
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In determining the size of the agriculturally significant Australian land categories, 
cropping and pasture land,770 analysis of two sources of data (the ABS771 and 
ACLUMP772 land-use datasets) highlights considerable discrepancies. Reasons for 
such a discrepancy can largely be attributed to differing methodologies for the 
collection of this data.773 For instance, the ABS figures are based on surveys of only 
some areas for 4 out of 5 years and then a census of the entire nation on the fifth 
year, whereby ACLUMP's figures are derived every few years774 “by combining land 
tenure and other types of land-use data, fine-scale satellite data and information 
collected in the field.”775 Essentially, this means that the ABS relies on land-users 
themselves to self-report while the ACLUMP data is based on expert opinion. 
Comparisons of the land-use mapping systems reveal that both cropping land and 
pasture land are smaller in the ABS at the national scale (Table 5) and also generally 
in most NRM scales. Reasons for evident discrepancies between the ACLUMP and 
ABS datasets include changes in land-use over time, changes in boundaries (e.g. the 
boundary for the Swan, now Perth, NRM changed after 2009) and rotation of land-
use between pasture, cropping and fallow.  For instance, “[l]and under cropping at 
the time of mapping may be in a rotation system, so that at another time the same 
area may be, for example, under pasture. Land in a rotation system should be classed 
according to the land-use at the time of mapping.”776 
                                                 
770 Refer to Chapter 9.2 for evidence of the significance of cropping and pasture land to carrying 
capacity. 
771 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06.", 
———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, "Agricultural 
Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-09.", ———, 
"Agricultural Commodities Australia 2009-10.". For this ABS data, cropping land is derived from 
land for crops and horticulture while pasture land is derived from all land used for grazing. 
772 Australian Collaborative Land Use and Management Program (ACLUMP), "Land Use of 
Australia, Version 4, 2005/2006.". For this ACLUMP data, cropping land is derived from dryland and 
irrigated horticulture and cropping while pasture is derived from native, modified and irrigated 
pastures. 
773 Dan Brough, 16 February 2012. 
774 There appears to be no consistent time frame for ACLUMP data release with previous versions 
published for 1992–93, 1993–94, 1996–97, 1998–99, 2000–01, 2001–02, 2005-6. There have been 
subsequent releases of reports (eg. 2009) but these are based on earlier mapping. 
775 ABARES, "Guidelines for Land Use Mapping in Australia: Principles, Procedures Land 
Definitions,"  (Canberra: 2011)., 5 
776 Bureau of Rural Sciences, "Land Use Mapping at Catchment Scale: Principles, Procedures and 
Definitions,"  (Canberra: Bureau of Rural Sciences, 2001)., 11, Australian Collaborative Land Use 
and Management Program (ACLUMP), "Land Use of Australia, Version 4, 2005/2006.". For this 
ACLUMP data, cropping land is derived from dryland and irrigated horticulture and cropping while 
pasture is derived from native, modified and irrigated pastures. 
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Table 5. Comparison of land-use datasets from ACLUMP and ABS sources for the national scale.  
 
Aust land-use km² ACLUMP777 ABS778 Difference 
Cropping land 402,248 305,997 96,251 
Pasture land 4,965,716 3,639,794 1,325,922 
Other land 2,318,949 3,741,783 -1,422,834 
TOTAL land 7,686,913 7,687,574 -661 
For the purposes of this research both sets of land-use figures were compiled 
(ABS and ACLUMP) but ultimately the ABS set was integrated into the Dashboard 
because of the correlation between the land-usage data and the yield data sources. 
Both these sets of data came from the one location, the ABS Agricultural 
Commodities database, so it was considered to be the most consistent approach to 
only use the one source for cropping and pasture land-use figures.  
Both the ABS and ACLUMP land-use data incorporate existing land-usage area 
amounts. Unfortunately, however, it was not possible to incorporate potential future 
land-usage into the Dashboard. This would have involved the inclusion of land 
suitability mapping highlighting which pieces of land might be able to be converted 
from existing uses to other uses such as from pasture to cropping land. While some 
land suitability mapping has taken place in Australia, as yet, this data has not been 
converted into NRM regionally-focused land boundaries, is state based, classification 
systems are inconsistent and has not been conducted for all parts of Australia.779  
From a carrying capacity perspective, accurate land suitability mapping could 
potentially increase the projected capacity by envisioning future improvement in 
productivity. However Gutteridge780 doubts whether there is much scope for such 
improvement, stating that, “[m]ost crops are grown on the land with the best soil, and 
over the past one and a half centuries, the best parts have been exploited. What remains 
as grazing land is ill suited to either broad acre or irrigated cropping, and if it could have 
been farmed, it would have been done a long time ago.” However, without sufficient 
research, this statement remains merely speculation and that research, and the co-
ordination of existing land suitability mapping research, is yet to be done in Australia. 
                                                 
777 Australian Collaborative Land Use and Management Program, "Land Use of Australia, Version 4, 
2005/2006,"  (Canberra: Bureau of Rural Sciences, 2010). 
778 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06.", 
———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, "Agricultural 
Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-09.", ———, 
"Agricultural Commodities Australia 2009-10.". 
779 See Chapter 5.4.3 Regional. 
780 Gutteridge, "Ecological Footprint and Carrying Capacity Studies of South East Queensland: A 
Comparison and Discussion of Results.", 24 
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8.3 Resource-use parameters 
The Dashboard incorporates 17 different resource-usage parameters (Table 6), each 
affecting the population carrying capacity in different ways. Each parameter is 
alterable within a particular range (third row of Table 6). Where possible, the unit of 
measurement in this range is given as a percentage of an overall amount. This 
approach was employed to allow users to most easily understand the parameter 
amounts. For instance, it is anticipated that few people might be aware of the amount 
of red meat that any one diet might contain, but that it is much easier to understand 
that of all the meat eaten, a proportion could be either red or white. Generally, data is 
sourced for the parameters representing consumption habits (such as diet, activity 
levels and textile usage) at a national scale reflecting an Australia-wide cultural 
consistency. Alternatively, data for parameters with direct impact on a particular 
landscape such as climate variability and irrigation use, are sourced from as small a 
scale as possible, for maximum regional accuracy. However, in the case of biofuel 
and organic production, small-scale figures were not available so a national and 
international scale was subsequently utilised.  
Table 6. Summary of resource-usage parameters highlighting units and range of measurement, plus 
the scale and source of data collected. 
 
Parameter Unit Range Description 
Scale of  
data 
Main data 
source 
Climate 
variability 
year 1 - 150 
Continuous years of production in 
which carrying capacity is to be met 
State ABS781 
Food amount % 0 - 500 
Amount of food to be produced within 
the region as a percentage of the 
amount consumed within the region 
National 
NHMRC782 
ABS783 
Meat & egg % 0 - 15 
The amount of meat, eggs and dairy 
consumed by the population as a 
percentage of all food consumed 
National As above 
Red meat % 0 - 100 
The percentage of red meat as a 
proportion of all meat (red and white) 
consumed by the population. 
National As above 
Activity level - 1-3 
The average level of physical activity 
for the population. (1: sedentary, 2: 
active, 3: highly active) 
National NHMRC784 
                                                 
781 Australian Bureau of Statistics, "Historical Selected Agricultural Commodities, by State (1861 to 
Present),"  (Canberra: Commonwealth of Australia, 2009). 
782 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
783 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06.", 
———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, "Agricultural 
Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-09.", ———, 
"Agricultural Commodities Australia 2009-10.". 
784 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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Parameter Unit Range Description 
Scale of  
data 
Main data 
source 
Recycling % 0 - 100 
The average amount of recycled food 
wastage fed to farm animals including 
pigs, chickens, ducks, turkeys and 
farmed seafood. 
N/a N/a 
Avoidable 
waste 
% 0 - 20 
The average amount of otherwise 
edible food that is wasted in the 
process of production, transportation, 
retailing and consumption, as a 
proportion of all food produced. 
Inter-
national 
USDA785 
Organic % 0 - 100 
The percentage of organic farmland 
as a proportion of all farmland. 
Inter-
national 
Multiple 
sources786 
Irrigation % 0 - 100 
The percentage of irrigated farmland 
as a proportion of all farmland. 
NRM ABS787 
Liquid fuel lt 0 - 3000 
The amount of liquid fuel consumed 
by the population each year, 
calculated on a per person basis. 
National 
ABARES
788 
Biofuel % 0 - 100 
The percentage of biofuel consumed 
as a proportion of all liquid fuels. 
National 
ABARES
789 
Textiles kg 0 - 30 
The amount of textiles consumed by 
the population each year, calculated 
on a per person basis. 
National FAO790 
Natural fibre % 0 - 100 
The percentage of natural fibre 
consumed as a proportion of all 
textiles. 
National FAO791 
Wool fibre % 0 - 100 
The percentage of wool fibre 
consumed as a proportion of all 
natural fibre. 
National FAO792 
Timber 
amount 
m³  0 - 10 
The amount of timber consumed by 
the population each year, calculated 
on a per person basis. 
National 
ABARES
793 
Infrastructure m² 0 - 2000 
The amount of land required for built 
infrastructure for the population, 
calculated on a per person basis. 
National 
ABARES
794 
Nature 
Reserve 
% 0 - 100 
The percentage of protected land as a 
proportion of all land. 
NRM 
ABARES
795 
8.3.1 Climate variability 
When making estimates of regional carrying capacity (regardless of the scale) it is 
important to note that climatic conditions, particularly rainfall,796 are key 
                                                 
785 J. C. Buzby and H. F. Wells, "Food Availability (Per Capita) Data System," US Department of 
Agriculture, http://www.ers.usda.gov/data-products/food-availability-%28per-capita%29-data-
system.aspx#26705. 
786 See Chapter 8.3.8 Food – organic farming 
787 Australian Bureau of Statistics, "Characteristics of Australia's Irrigated Farms,"  (Canberra: 
Australian Government, 2006). 
788 ABARES, "Australian Energy Resource Assessment.", 41 
789 Ibid., 321 
790 Alejandro Plastina, "World Apparel Fiber Consumption Survey,"  (Washington DC: FAO/ICAC, 
2011). 
791 Ibid. 
792 Ibid. 
793 ABARES, "Australian Forest and Wood Products Statistics, September and December Quarters 
2010,"  (Canberra: 2011)., 28 
794 ———, "Land Use of Australia." 
795 Ibid. 
796 Wimalasuriya et al., "Rainfall Variability and Its Impact on Dryland Cropping in Victoria.", 18 
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determinants of agricultural production. Given the variability of such conditions, 
actual carrying capacity is likely to fluctuate from year to year. Consequently, if a 
population is to live within the carrying capacity of their productive landscape for a 
number of years, agricultural production will need to meet these needs not just for 
one or two of those years, but for all of them. As such, it is the lowest carrying 
capacity for any period of time that dictates regional carrying capacity because 
resource self-reliance assumes that all needs are met locally within that timeframe. It 
is thus necessary to anticipate the years when production may be reduced by climatic 
factors such as droughts and floods and the carrying capacity limit estimate should be 
calibrated to these years even if it means the potential for large surpluses in other 
years.  
The ABS797 has recorded yields for wheat, oats and barley since 1861 for the 
Australia and each of the states.798 From the ABS figures, a yield average of the three 
grains was calculated for each location for each year, giving an average grain yield 
per year. A moving average was also calculated from these grain yield averages in 
order to estimate the degree of deviation from normal production for each year. This 
was deemed necessary in order to be able to make direct comparisons across the 
whole 150 years. Technological improvements have dramatically increased grain 
harvests across in this time period799 and a non-weighted comparison would not 
accurately reveal the deviations from average conditions because more recent yields 
would appear larger than earlier ones, regardless of climatic variability. By way of 
example, in Australia in 1915, the average grain yield was 0.3 tonnes per hectare and 
the moving average was 0.8 tonnes per hectare.800 All 150 years were then ranked 
according to a comparison on the yearly average yield compared to the moving 
average yield. An equation of average yield divided by moving average was used. 
So, for Australia in 1915: 
Yield variability percent = 0.3 / 0.8 = 36%801 
1915’s yield variability percent was actually the worst of all 150 years so the 
36% figure, was deemed to represent a one in 150 year event.802 All other yield 
                                                 
797 Australian Bureau of Statistics, "Historical Selected Agricultural Commodities, by State (1861 to 
Present)." 
798 With the exception of the Northern Territory. South Australian figure were substituted in this case. 
799 Liu, "Science and Technology: The Essential Way to Keep Sustainable Development of World 
Agriculture and Trade.", 1 
800 A ten-year moving average was used. 
801 Figures are rounded in this document for presentation purposes which may slightly alter the 
equation result. 
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variability percentages were similarly ranked along a 150 year scale which represents 
the probable years of occurrence. This was calculated for each of the states and 
Australia as a whole (Figure 34). While Australia’s worst variation in yield was 36 
percent below the average, Figure 34 shows that Tasmania’s worst yield variable 
percentage was 65 percent. These yield variable percentages ranked on a 150 year 
scale represents the Dashboard’s Climate Variability parameter. When a user chooses 
a particular time period, overall agricultural yield is reduced by the equivalent yield 
variability percentage.  
The original data was only collected on a state-wide basis so all smaller NRM 
regions are estimates only, based on the state-based figures. This extrapolation 
potentially limits the accuracy of results at the regional scale but was deemed 
necessary due to the lack of small-scale data.803 Another limitation of the methods 
used for this parameter is the fact that the average of three grains from each location 
are used to represent potential yields for all crops which is likely to also have the 
effect of eliminating potential variations in how crops may react to yield a because 
the Dashboard applies the yield reduction across all commodities, not just the grains.  
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Figure 34. Percentage of yield variability indicating probable years of recurrence. 
                                                                                                                                          
802 Australia experienced a significant drought in 1915. Bureau of Meteorology, "Australian Climate 
Variability & Change - Time Series Graphs." 
803 For a full list of the climate variability data refer to Appendix Table 21. 
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8.3.2 Food - amount 
While carrying capacity modelling, by definition,804 implies complete resource self-
reliance within any one region, this ideal does not always occur in the real world 
because a population is rarely likely to be completely isolated from its neighbours 
suggesting that some form of trading may occur. For this reason, the Dashboard 
gives users the ability to account for some degree of importing and exporting of 
resources. In the case of food, first an anticipated amount of food consumption for 
the population is established and then users can stipulate whether they anticipate the 
population to produce more or less of this consumed amount. A choice of one 
hundred percent thus suggests that all food produced is consumed (complete self-
sufficiency) while zero percent suggests that all food is imported and five hundred 
(the maximum allowable in the Dashboard) suggests that the majority of food 
produced within the region is exported. 
Modelling for the dietary components of the Dashboard805 was based on a recent 
study by the National Health and Medical Research Council (NHMRC) which 
developed a series of ideal diets for the Australian population as guidance for healthy 
eating patterns.806 Their aims were to define diets that: 
1. deliver the nutrient requirements for people of varying age/gender, activity 
levels and life-stages; 
2. are culturally acceptable, socially equitable and environmentally sustainable; 
3. reflect the current Australian food supply and food consumption patterns; 
4. provide some flexibility in food choice and 
5. promote health and wellbeing. 
Given that Dashboard modelling also aspires towards environmentally, 
demographically807 and culturally808 appropriate consumption patterns, the NHMRC’s 
aims aligns well with this research. However, some aspects of the NHMRC 
                                                 
804 Refer to Chapter 3.2 Carrying capacity definition. 
805 While other food-based carrying capacity research such as Peters et al. had a dietician as part of the 
research team, such expertise was outside the capacity of this research so rather than developing new 
diets, existing Australian dietary modelling was utilised and in some cases modified in minor ways, in 
order to achieve the same goals. Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for 
Estimating the Land Resource Requirements of Food Consumption and Agricultural Carrying 
Capacity: The New York State Example." 
806 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
807 Refer to Chapter 7.5 Constraints 
808 Refer to Chapter 7.2 Cultural habits 
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modelling needed to be altered in order for it to be utilised in a Dashboard format. 
For instance, their diet modelling presented a variety of serving sizes for various age-
groups809 where Dashboard modelling required a dietary structure for the entire 
population. Consequently, ABS demographic data810 was used to match the amounts 
of foods suggested for each NHMRC age group against the proportion of people in 
that age group within the national population to derive a particular diet for the whole 
Australian demographic profile (see Appendix Table 22). 
NHMRC modelling incorporates fifteen food groups.811 In order to accommodate 
the existing diet (rather than the NHMRC’s ideal diet) another category of beverages 
and sweeteners was added in accordance with an ABS study which examined the 
Australian diet.812 In total, over 700 particular food items such as six types of apples, 
40 cuts of beef and over 150 types of vegetables were included in the Dashboard 
modelling. The process devised by the NHMRC and adopted for the Dashboard 
model involved the establishment of a preferential ranking system for each foodstuff, 
first within one of the 15 broad dietary categories, then within various subcategories. 
For instance, bread (as a subcategory) is deemed to make up 47 percent of the 
wholemeal cereals category, and of the bread subcategory, wheat makes up 69 
percent of all preferred grains. This way, a weighting towards foods that are 
consumed more readily by the population are given appropriate emphasis in the 
Dashboard model. Plus, in the event that a particular food is not available in any one 
region, then the Dashboard model adjusts the preferences by proportionately 
increasing the other foods which are locally available. For instance, if wheat is not 
suited to being produced in a region chosen by a Dashboard user, then the same 
overall quantity of grain will be consumed but wheat bread might be replaced with 
other types of bread such as corn or rye.813 
 
 
                                                 
809 NHMRC age groups included 7-12 months, 13-23 months, 2-3 years, 4-8 years, 9-11 years, 12-13 
years, 14-18 years, 19-30 years, 31-50 years, 51-70 years, over 70 years for both sexes and additional 
categories for pregnant and lactating women. 
810 Australian Bureau of Statistics, "Australian Demographic Statistics." 
811 NHMRC food groupings are: wholemeal cereals, refined cereals, dairy high fat, dairy medium fat, 
dairy low fat, fruit, legumes, red meats, white meat / eggs, nuts & seeds, green vegetables, orange 
vegetables, other veg, starchy vegetable, fats and oils.  
812 Australian Bureau of Statistics, "National Nutrition Survey - Foods Eaten - Australia,"  
(Commonwealth of Australia, 1995). 
813 For more details, see Chapter 8.6.1 Agricultural consumption and production. 
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8.3.3 Food - meat and eggs 
As recommended by Fearnside,814 one of the aims of the Dashboard was to offer a 
range of consumption options such as calories, protein, healthy diets and culturally 
acceptable diets. While the aspect of calories is dealt with in the Activity Levels 
parameter,815 the other three aspects are incorporated into the meat-eggs parameter. 
Essentially, this parameter adjusts dietary protein sources from animal-based 
products to plant-based products while maintaining a similar level of both calories 
and protein throughout. The aspects that consistently change throughout the range of 
consumption for this parameter are meat and eggs so the title for the parameter was 
based on these aspects. This parameter alters the proportion of meat and eggs 
consumption in the population’s diet from zero percent to 15 percent with zero 
representing a meat product-free vegan diet and 15 percent representing a high meat-
content diet. The other key points in this range are 13 percent representing an 
estimate of current meat-egg consumption, 7.5 percent representing a healthy diet as 
modelled by the NHMRC,816 2.5 percent representing a lacto-ovo vegetarian diet 
(vegetarian diet with no meat but including eggs and dairy),817 and 1.5 percent 
representing a ovo-vegetarian diet (no meat or dairy but including eggs). Of these 
Dashboard diets, two were based on NHMRC modelling – the 7.5 percent diet is 
reflective of NHMRC’s Australian “total diet”818 while the 2.5 percent diet is based 
on NHMRC’s lacto-ovo vegetarian diet.819 These percentage identifiers were not 
known prior to their incorporation into the model. However, once modelled in the 
Dashboard, it was possible to calculate their meat-eggs content and the percentages 
of dietary protein were established.820 
A different study, the ABS National Nutrition Survey,821 was utilised to reflect 
standard Australian dietary consumption patterns and once integrated into the model, 
this diet was found to generate a level of 13 percent meat-eggs. 
During modelling development, these three diets formed the initial key points 
within the meat-eggs range at 2.5 percent, 7.5 percent and 13 percent. In order to 
                                                 
814 Fearnside, Human Carrying Capacity of the Brazilian Rainforest., 129. 
815 See Chapter 8.3.5. 
816 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
817 Ibid., 203 
818 Ibid., 10 
819 Ibid., 203 
820 The default figures for serving amounts for all possible diets within Dashboard modelling are 
found in Appendix Table 29. 
821 Australian Bureau of Statistics, "National Nutrition Survey - Foods Eaten - Australia." 
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generate a more finely detailed and gradual range, a set of other diets were 
extrapolated from the three initial diets by steadily adding or reducing the proportion 
of meat and eggs in a set of intermediate diets. Given that two of the initial diets 
included half percentages (2.5 and 7.5 percent), it was most appropriate to adjust the 
range in 0.5 increments. Additionally, given that the NHMRC diet (at 7.5 percent 
meat-eggs) was developed for healthy eating and the ABS existing diet (at 13 percent 
meat-eggs) contained almost twice the recommended healthy amount, it was 
considered that the ABS diet should be near the upper threshold so 15 percent was 
chosen as the maximum within this parameter range. Ultimately a range of zero 
percent to 15 percent with 0.5 percent increments generated a total of 31 diets within 
this parameter. 
In order to achieve a balanced dietary intake across all diets a similar amount of 
calories, protein, carbohydrates and fat822 (as well as micro nutrients in some cases) 
was maintained throughout all diets considered healthy (i.e. those with 7.5 percent 
meat and eggs or less as proposed by the NHMRC823 modelling) by adjusting various 
food components, predominantly the higher protein foods such as legumes, nuts and 
seeds, dairy and cereals. For diets with more than 7.5 percent meat and eggs, the 
levels of protein, carbohydrates and fat may not be considered as healthy because 
they reflect average Australian consumption patterns rather than recommended 
intake. In order to balance the diet, the amount of dairy varies considerably, in accord 
with extrapolations from the NHMRC diets. It should also be noted that as meat, 
eggs and dairy decrease in the diet, nuts and legumes increase considerably while 
vegetables and grains increase to a lesser extent (Figure 35). 
                                                 
822 Calories, carbohydrates, protein and fat levels for each diet were included in the NHMRC 
modelling however, in order to accommodate extrapolation of further models, the dietary components 
of all foods was drawn from the same source obtained by the NHMRC, namely FSANZ Food 
Standards Australia and New Zealand, "Ausnut07 Australian Food, Supplement & Nutrient 
Database,"  (Canberra: FSANZ, 2008).. 
823 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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Figure 35. A comparison of dairy and legumes across the range of meat-eggs parameter choices 
(activity setting 1). 
8.3.4 Food - red meat 
This category allows Dashboard users to regulate the proportion of red and white 
meat in the average diet of the population. So, in this parameter, a choice of say, 60 
percent red meat, also implies a choice of 40 percent white meat. Thus, a choice of 
zero percent implies entirely white meat consumption and 100 percent implies no 
white meat consumption. Regardless of choices of red or white meat, the amount of 
meat remains the same (the amount of meat is altered in the meat-eggs parameter), 
only the proportion of the source of meat changes. Of course, if users choose a diet in 
the meat-eggs parameter where no meat is consumed at all, then any choice made in 
the red meat parameter has no impact on the carrying capacity estimate. Key points 
in this range are the 64 percent amount, marking current red meat consumption824 as 
well and the 48 percent amount, marking the consumption level recommended by the 
NHMRC.825 
8.3.5 Food - activity levels 
The activity level of the population will affect the amount of food that the population 
needs to consume because higher levels of activity require more energy and more 
calories. This parameter thus reflects the average level of physical activity for the 
                                                 
824 Australian Bureau of Statistics, "National Nutrition Survey - Foods Eaten - Australia." 
825 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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population. It is based on three diets developed by the NHMRC826 for sedentary, 
moderate and high physical activity levels where a high level of physical activity is 
equated with more than 90 minutes of daily strenuous activity, moderate level of 
physical activity is the equivalent of 30-90 minutes of daily strenuous activity and a 
sedentary level of physical activity is less than 30 minutes of daily strenuous 
activity.827 This sedentary level is the current Australian average estimate of 
activity.828 
8.3.6 Food - avoidable waste 
There has been a lack of clarity amongst some authors concerning the quantification 
of a population’s food requirements.829 For instance, when estimating the amount of 
food that populations require per year, neither Kendall and Pimentel830 nor Revelle831 
outline whether they are referring to the amount of food produced on the farm or the 
amount of food actually consumed by each individual. The difference between these 
two aspects represents the amount of wastage in the food system between production 
and consumption and, as highlighted by Peters et al.,832 in some cases this can amount 
to more than half of the original weight. The Dashboard uses the same approach as 
Peters et al. It assesses six points in the food service system where wastage can occur 
and estimates the likely weight loss in all 746 food items. The six types of losses are 
(in chronological order from production to consumption) primary to retail loss, 
processing loss, retail loss, consumer loss, cooking loss and inedible portions loss. 
There is potentially another category that could be described as farming production 
loss, which would include all farm-based impacts on productive yield such as 
climate, pests, weeds, handling and storage losses. However, at present, the yield 
data collected by agencies such as the ABS833 already accounts for these losses in that 
agricultural production is calculated at the farm gate (i.e. the amount of produce 
leaving the farm) rather than at the paddock level.  
                                                 
826 Ibid., 34. These were given as Physical Activity Levels (PALs) of  1.4, 1.7 and 2.0 where PAL = 
total energy expenditure divided by basal metabolic rate Kraisid Tontisirin and Hartwig de Haen, 
"Human Energy Requirements,"  (Rome: Food and Agriculture Organization of the UN, 2004).. 
827 Tontisirin and Haen, "Human Energy Requirements.", 36 
828 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation.", 13 
829 Also refer to Chapter 5.1.4 Food. 
830 Kendall and Pimentel, "Constraints on the Expansion of the Global Food Supply.", 199 
831 as per Cohen, How Many People Can the Earth Support?, 426 
832 Peters, Wilkins, and Fick, "Input and Output Data in Studying the Impact of Meat and Fat on the 
Land Resource Requirements of the Human Diet and Potential Carrying Capacity: The New York 
State Example "., 11 
833 Australian Bureau of Statistics, "Agricultural Commodities Australia 2009-10." 
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Primary to retail losses refer to the reduction in produce that occurs between the 
farm gate and the retail outlet, including transportation and storage and handling 
losses. Given that each particular food item in the Australian diet has varied shelf-
life, transportation, processing, and storage characteristics, each one is likely to 
generate different amounts of wastage. Consequently, in order to accurately 
incorporate food wastage into carrying capacity modelling, it is necessary to do so on 
a food-by-food basis. No detailed analysis of food losses within the Australian 
context was found for this part of the food chain. However, a UN study of food 
losses834 suggests that North America, Australia and New Zealand might have similar 
wastage patterns so U.S. data was used in most cases to inform the Dashboard in this 
primary to retail losses category. The main source of data is drawn from the United 
States Department of Agriculture (USDA)835 led by Jean Buzby. In describing this 
category, Buzby836 states that “[l]oss estimates are sometimes called conversion 
factors, particularly when describing how a farm commodity is transformed into a 
consumer-ready product (for example, fresh chicken to boneless fresh chicken).” 
There is thus a cross-over between this category and the following one in the 
Dashboard modelling called processing losses in that both include the transformation 
of products. It may be possible to combine the two categories together in the future 
but Buzby also states that their modelling is incomplete so in order to differentiate 
the more complex processing losses from Buzby’s figures, a separation was 
maintained between them and every effort was made to not duplicate similar types of 
losses in both categories.837 
The majority of the processing losses incorporated into the Dashboard modelling 
were calculated specifically for this research by referencing a wide variety of 
relevant sources.838 For example, for the calculation of losses in the processing of the 
six types of wheat produced in Australia,839 extraction rates were averaged across 
Graincorp’s seven grain refineries.840 Another example is the 67 types of breakfast 
                                                 
834 J. Gustavsson, "Global Food Losses and Food Waste,"  (Dusseldorf: FAO, 2011). In this study 
Australia was grouped with the U.S. and Canada suggesting similar losses occur in these countries. 
835 Buzby and Wells, "Food Availability (Per Capita) Data System." 
836 J. C. Buzby and H. F. Wells, "Loss-Adjusted Food Availability Data: Documentation," US 
Department of Agriculture, http://www.ers.usda.gov/Data/FoodConsumption/FoodGuideDoc.htm. 
837 Of the 746 food items in the Dashboard, only 24 of them include both processing losses and 
primary to retail losses. 
838 For full list of sources see Appendix Table 23. 
839 The major forms of wheat produced in Australia are Australian prime hard, Australian hard, 
Australian premium white, Australian standard white, Australian durum and Ramen noodle wheat 
Graincorp, "Graincorp Harvest Report 09/10,"  (Sydney: 2010)., 8. 
840 Ibid., 8 
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cereal incorporated into the Dashboard. In this instance, each cereal was examined 
for their constituent components (e.g. wheat, corn, sugar etc.) and an estimate of both 
the proportion of each component and their processing yield was made. Examples of 
various processing losses include 92 percent for low-fat cheese and 29 percent for 
wholemeal bread while it was found that there is a 497 percent gain in weight during 
processing of soy milk because of the addition of water. 
Retail losses refer to the food that is wasted between the arrival of products at 
retail outlets and its sale to customers. In the absence of detailed Australian data in 
this topic, Buzby’s U.S. research841 was again employed. Buzby found that losses 
could be expected for all retail foods but that, not surprisingly, the more fragile and 
perishable foods such as paw paw, (with a loss of 55 percent) had higher rates of loss 
than the non-perishable items such as nuts (with a loss of six percent). The average 
loss across all foods incorporated into the Dashboard is ten percent.842 
Consumer losses occur both in households and food-service establishments such 
as restaurants and is characterised by wastage in storage, preparation, and uneaten 
portions. In the absence of detailed Australian data, U.S. data was again used. The 
report by Muth et al.843 commissioned by the USDA informed most of the consumer 
losses for foods in the Dashboard. Finding ranged from a 50 percent loss for Swiss 
cheese to an eight percent loss for parmesan cheese. The average consumer loss 
across all foods incorporated into the Dashboard is 22 percent.844 
Cooking losses occur largely as a result of the reduction in the water content of 
foods once heated. Unlike consumer and retail losses, there is no tangible left-over 
portion that is discarded. Rather, the food just becomes more concentrated. Detailed 
data for cooking losses has been conducted in Australia by the Food Standards 
Australia and New Zealand so their Nutritional Database (Ausnut)845 was primarily 
used. Alternatively the U.S. studies by Kantor846 or Matthews and Garrison847 were 
also referenced. Examples of cooking losses include 39 percent for pork and two 
                                                 
841 Buzby and Wells, "Food Availability (Per Capita) Data System." 
842 Non-weighted average. 
843 M. K. Muth et al., "Consumer-Level Food Loss Estimates and Their Use in the ERS Loss-Adjusted 
Food Availability Data,"  (Washington DC: US Department of Agriculture, 2011). 
844 Non-weighted average. 
845 Food Standards Australia and New Zealand, "Ausnut07 Australian Food, Supplement & Nutrient 
Database." 
846 L. Kantor et al., "Estimating and Addressing America's Food Losses,"  (Washington DC: US 
Department of Agriculture, 1997). 
847 Ruth Matthews and Young Garrison, Food Yields Summarized by Different Stages of Preparation 
(Washington DC: US Department of Agriculture, 1975). 
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percent for eggs. Conversely, when dried foods are cooked they may actually gain 
weight (creating a negative cooking loss). Examples include 478 percent gain for oat 
porridge and a 208 percent gain for white rice. 
The inedible portions loss represents a form of wastage that cannot actually be 
salvaged for human consumption, but reduces the weight of food items between 
production and consumption nevertheless. Examples include banana peel (35 
percent), prawn heads and shells (57 percent) and apricot pips (6 percent loss).  
While the whole range of wastage amounts are included in Dashboard modelling 
in order to calculate the difference between foods produced and those consumed, 
Dashboard users are only able to adjust the amount of avoidable waste. 
Consequently, inedible portions and some processing losses are not altered by the 
avoidable wastage parameter. In total, the amount of avoidable waste currently 
generated in Australia as a proportion of all food produced is twelve percent. Users 
have the ability to adjust this in a range from zero to twenty percent. 
8.3.7 Food - recycling 
This parameter estimates resource usage when wastage from the avoidable waste 
parameter is recycled back into the food system, thus reducing overall food demand. 
It was identified that there are two ways in which to recycle this waste; as feed to 
animals and as fertiliser (in the form of compost) for plants. Incorporating the 
recycling of food into fertiliser proved problematic because no data could be found 
directly linking food waste to compost quantities, nor compost fertiliser application 
amounts to crop yields. On the other hand, direct causal links between animal feed 
requirements and animal weight gain have been well documented as feed conversion 
ratios (FCR).848 Consequently, only the aspect of animal feed was incorporated into 
the Dashboard, not compost.849 
All edible waste including consumer, retail, processing and inedible portions are 
converted to FCRs in the recycling parameter under the assumption that it is evenly 
distributed to farm animals including pigs, chickens, ducks, turkeys, farmed fish and 
farmed seafood. Consequently, an increase in this parameter generally improves 
                                                 
848 M. L. Westendorf, Food Waste to Animal Feed (Ames: John Wiley & Sons, 2000)., 194 
849 The inclusion of compost and fertiliser could potentially be included in future carrying capacity 
models if and when data becomes available. 
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carrying capacity by reducing the demand of other resources for the production of 
animal products.  
At present a negligible amount of food waste is recycled back into the Australian 
food system at a commercial level850 partly because of the health risks associated 
with recycling animal products. The risks may be to animals (e.g. foot-and-mouth 
disease) or humans (e.g. mad cow disease). The practise of feeding pigs and poultry 
swill (animal products), is illegal in Australia and difficulties in separating vegetable 
matter from any meat products has usually meant that most animal and plant scraps 
are sent to land-fill only.851 However, with careful management, it would be possible 
to safely recycle more food waste, particularly vegetable matter, to animal feed. In 
the Dashboard, a range of zero to 100 percent recycling is offered. The 100 percent 
figure represents the recycling of all the population’s scraps, offcuts and uneaten 
portions, as calculated in the avoidable waste parameter. 
8.3.8 Food - organic farming 
This parameter allows users to stipulate the percentage of organic farming carried out 
in any region as a proportion of all agricultural production. At present, just over 12 
million hectares of Australia’s agricultural land is under organic production852 (about 
two percent) slightly below the OECD average of 2.4 percent.853 Unfortunately, the 
ABS does not yet collect yield data specifically for organic farms854 so it was 
necessary to make estimates of organic production based on the best research data 
available (method outlined below). While it was possible to find data on the 
prevalence of Australia-wide organic production, no data was available at smaller 
scales so for the purposes of the Dashboard, the national figure was assumed to also 
be representative of smaller areas. Of course, it is unlikely that organic agriculture is 
so evenly distributed in Australia but in the absence of more detailed data, this 
compromise was necessary. 
                                                 
850 Mark Cozens, "Disposal of Food Waste," Queensland Government, 
http://www.daff.qld.gov.au/4790_12950.htm. 
851 Ibid. 
852 P. Kristiansen et al., "Australian Organic Market Report 2010,"  (Chermside: Biological Farmers of 
Australia, 2010)., 19 
853 J Ram Pillarisetti, "World Trade in Environmentally Sustainable Agriculture Products: Policy 
Issues for Australia," Journal of Economic and Social Policy 7, no. 1 (2002)., 4 
854 While the ABS does not currently collect yield data for organic production, it is possible that this 
may occur in the future as the ABS are currently proposing the collection of more detailed organic 
data Australian Bureau of Statistics, "Agricultural Census: ABS Views on Content and Procedures, 
2010-11,"  (Canberra: Australian Government, 2009)..  
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There is some debate about the productivity of organic agricultural systems versus 
conventional systems.855 There seem equally vocal proponents arguing that organic 
agriculture may or may not be able to match production of chemically based systems. 
Even studies that analyse various other authors’ work by comparing a wide body of 
research have been found to differ in their conclusions. It is thus necessary to 
thoroughly evaluate both literature reviews and field studies in this area to determine 
a sound approach. Two pieces of research, in particular, have dedicated considerable 
effort to analysing existing literature on the question that asks, “Can organic farming 
feed the world?” Badgley et al856 state that organic production is comparable to 
conventional farming while Kirchmann et al857 argue that organic yields are generally 
lower by between 25 and 50 percent. Rather than relying on these second-hand 
accounts of the effectiveness of organic production, it was important to cite only 
original sources of data for this research. 
For the purposes of the Dashboard, only credible, peer reviewed research which 
made direct comparisons of organic and conventional production was analysed. Only 
two such studies were found to be available for Australian conditions,858 so it was 
decided to include further studies from other western countries (e.g. New Zealand, 
Europe and North America). The organic yields from developing countries were 
excluded from this analysis because of the lack of credible data859 and the possibility 
that the production systems employed may differ significantly from those used in 
Australia. For instance, in general Australian organic producers tend to have a high 
reliance on the use of mechanical cultivation860 but this may not be the case in 
developing counties.  Forty studies comparing organic yield to conventional yield 
which met the necessary criteria were identified.861 From these studies, the 
organically produced yield for each food component was extracted separately and 
compared to the equivalent conventional yield. Then, an average difference in 
percentage between the organic and conventional yield was derived. For example, if 
                                                 
855 Holger Kirchmann et al., Organic Crop Production - Ambitions and Limitations (Can Organic 
Crop Production Feed the World?) (Dordrecht, The Netherlands: Springer, 2008)., 1 
856 Catherine Badgley et al., "Organic Agriculture and the Global Food Supply," Renewable 
Agriculture and Food Systems 22, no. 02 (2007)., 86 
857 Kirchmann et al., Organic Crop Production - Ambitions and Limitations (Can Organic Crop 
Production Feed the World?)., 1 
858 (Ryan, Derrick, and Dann 2004; Kitchen et al. 2003) 
859 Kirchmann et al., Organic Crop Production - Ambitions and Limitations (Can Organic Crop 
Production Feed the World?)., 11 
860 M. L. Nguyen and R. J. Haynes, "Energy and Labour Efficiency for Three Pairs of Conventional 
and Alternative Mixed Cropping (Pasture-Arable) Farms in Canterbury, New Zealand," Agriculture, 
Ecosystems & Environment 52, no. 2-3 (1995)., 164 
861 See Appendix Table 24. 
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it was found that wheat on average produces a yield of about one tonne of grain 
under conventional farming methods, it would then be necessary to establish a factor 
to multiply this figure by in order to establish approximate yields under an organic 
regime. Given that the organic production data for the Dashboard was largely drawn 
from non-Australian locations, it is important to point out that under this method, the 
actual tonnes per hectare was not relevant; only the difference in tonnes per hectare 
from one system of production to the other.  
Within the 40 cited research articles which directly compare organic to non-
organic produce, 51 separate foods were identified. However, of these 51 food items, 
37 of them were cited by only one or two authors. The method adopted for this 
research meant that average yield variations for each food item were required but 
only one or two citations were considered too small to be truly representative. Thus, 
within the 133 Dashboard food items, three categories were identified, each 
necessitating a different approach: 
1. Food items with three or more citations from which an average yield 
variation could be directly determined (14 in total). For example, it was 
found that wheat, with 19 citations, exhibited a reduced difference of 69 
percent between organic and conventional yields. 
2. Food items with two or less citations where an average of these may not be 
representative (37 in total). In these cases, an average of all food items was 
used. For example, there was only a single citation for both asparagus and 
blueberries revealing a difference of 45 percent and 138 percent 
respectively.862 Rather than using these figures directly, they were included in 
an overall average of all citations for all 51 food items.863 This generated a 
yield difference of 81 percent between organic and conventional agricultural 
production. 
3. Food items with no citations. The average for all food items864 of 81 percent 
was also used. 
                                                 
862 In these yield comparisons of organic to conventional production, a figure less than 100 percent 
indicates that the organic yield is smaller than conventional while figures larger than 100 percent 
indicate a larger yield. 
863 The maximum number of items (51 in this case) were used to generate an average amount because 
it was viewed that the larger the number of figures would best reflect organic agricultural yields 
overall. 
864 As per the previous footnote, the largest representative sample as possible was used to generate the 
average for the items with little or no yield data availability. 
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This process of determining average yield differences between organic and 
conventional production systems proved successful in differentiating the two systems 
on a food by food basis. It was then necessary to incorporate this variation into the 
Dashboard’s organic farming parameter. Firstly, this meant making an adjustment to 
the ABS agricultural yield on which the carrying capacity modelling is based. At 
present, the ABS makes no distinction between organic and conventional production, 
so in order to reset their yield figures to 100 percent conventional farming (as a 
starting point for the Dashboard), an adjustment was made to accommodate the 
reduced865 yield for the existing two percent of organic farmland. Then, in order to 
incorporate the organic yield variation into the Dashboard modelling, the percentage 
difference was multiplied by the conventional yield on a food item by food item 
basis. For instance, if a Dashboard user makes the choice of 100 percent organic 
agriculture then all foods are reduced by the full variation amount (e.g. averaging an 
81 percent difference) and if they stipulate that only 50 percent of all agricultural 
production is organic then this yield difference is reduced by half (e.g. averaging a 
91.5 percent difference in this case).  
This process of organic and conventional yield comparison successfully utilised 
diverse sources of data and in most cases averaged aggregated data rather than 
specific data for each food item. Ideally, a more accurate approach would be to 
directly collect the yield data from each organic farm and compare it to the yields 
from local conventional farms but as yet, this data is not available. 
8.3.9 Food - irrigation 
This parameter allows users to adjust the percentage of irrigated farmland as a 
proportion of all farmland within a region. 
Irrigating crops can have a significant effect on production with Trewin866 
estimating that irrigated farms generate, on average, 55 percent more output per farm 
than farms which did not irrigate.867 Ideally, the calculation of the effect of irrigation 
should occur on a crop by crop basis, but unfortunately this data was not available. 
Consequently, an overall figure of 55 percent was applied to all regions. At present 
                                                 
865 There were no food items where organic production was deemed to increase yield. The highest 
yield difference was carrots at 91 percent. 
866 Dennis Trewin and Gary Banks, "Characteristics of Australia's Irrigated Farms: 2000-01 to 2003-
04,"  (Canberra: Australian Bureau of Statistics, 2006)., xi 
867 Trewin did not explain which crops were studied. 
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0.5 percent of Australia’s farmland is irrigated,868 but figures for both state and NRM 
irrigated land areas are also publicly available so the Dashboard reflects regional 
variations in this regard. 
In order to integrate user-stipulated agricultural irrigation into the Dashboard 
modelling, a similar approach to organic farming was adopted whereby ABS yield 
data was first adjusted to assume zero irrigation, and then user-defined irrigation 
percentages were applied by increasing yields by 55 percent. For example, if the 
Dashboard user chooses 100 percent irrigation then the full 55 percent increase is 
applied; but if only choosing one percent irrigation, then only a 0.55 percent increase 
in yield is applied across all food items. 
Ideally, the parameter of irrigation could be integrated into carrying capacity 
modelling in a more detailed manner if the data was available which showed 
differences in yield on a local food by food basis. Until this data becomes available, 
the method currently adopted for the Dashboard is basic. Additionally, further 
research on the energy requirements of irrigation and subsequent knock-on carrying 
capacity impacts, would also improve this aspect of the modelling. For instance, if 
biofuel needed to be grown to fuel irrigation pumps, then this would reduce the 
amount of land available for crops, leading to a decrease in carrying capacity.  
It is important to note that while other parameters relating to dietary (e.g. 
percentage of meat and eggs) and farming (e.g. percentage of organic farming) 
behaviour have the potential to be adopted by any given population within the full 
range given (i.e. zero to 100 percent), there are likely to be biophysical constraints 
that limit the amount of agricultural irrigation possible in any region. For instance, 
regions featuring large river systems may be able to supply say, 60 percent of the 
region with irrigation while drier regions may have the potential for only negligible 
agricultural irrigation. There might also be some regions less affected by the 
introduction of irrigation. For instance, crops in tropical areas of Australia may 
already experience adequate water supply year-round and agricultural yields may not 
benefit as much from the addition of irrigation as drier parts of the continent. Thus, a 
future improvement to the Dashboard would involve an examination of potential 
impacts to both yields and environmental conditions, and the choices made by 
                                                 
868 Australian Bureau of Statistics, "Characteristics of Australia's Irrigated Farms." 
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Dashboard users could be limited by such constraints.869 In some cases, it may be 
necessary to reduce the amount of irrigation from current levels for environmental 
reason as existing practises may already lead to unacceptable levels of salination and 
groundwater depletion.870 To this extent, Brown argues that, “if we are serious about 
sustainability, it would seem that irrigation should be restricted to a role of sustaining 
‘normal rain-fed’ farming during abnormal dry periods,” rather than year-round 
utilisation.  
Additionally, the Dashboard could offer more targeted adjustments to agricultural 
yield on the basis of food types. For instance, if irrigation is directed to horticultural 
production rather than animal or cereal production, then carrying capacity results 
may differ. However, before any of these improvements can be made to Dashboard 
modelling, further research and data collection would need to take place. 
8.3.10 Fuel - liquid fuel 
This parameter and the next (8.3.11 Fuel - biofuel) deal with a population’s 
consumption of energy. As previously identified,871 energy is a master resource 
which underpins the effective production of other resources. While a full carrying 
capacity assessment might incorporate all aspects of a population’s energy 
production and consumption, the Dashboard only deals with liquid fuel (petroleum 
and biofuels) which is currently used predominantly for transportation872 rather than 
the generation of electricity. This focus on liquid fuels has been driven by the fact 
that biofuels have a direct impact on land usage in its use of agricultural land which 
is the basis of carrying capacity modelling. On the other hand, the various current 
forms of electrical energy generation derived from coal, solar, wind and geothermal 
sources potentially have dual-use (e.g. wind turbines can be raised above farmland) 
and have little influence on agricultural land (e.g. coal mines might be placed on 
poor-quality land), so are more difficult to assess.873 
The Fuel –liquid fuel parameter allows Dashboard users to stipulate the amount 
(litres) of liquid fuel consumed by a population each year, calculated on a per person 
basis. A range of zero to 3000 litres is offered and users are informed that the current 
                                                 
869 Such improvements to Dashboard modelling may entail detailed further research as falls outside 
the scope of this paper. 
870 Brown, Feed or Feedback: Agriculture, Population Dynamics and the State of the Planet., 268 
871 See Chapter 7.5.4 Energy 
872 ABARES, "Australian Energy Resource Assessment.", 41 
873 See Chapter 8.3.11 Fuel - percentage of biofuel for further exploration of this argument. 
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average Australian consumption rate is estimated to be 2520 litres per person.874 This 
amount includes both personal usage (e.g. petrol used in individual’s cars) and 
industrial usage (e.g. diesel used in mining trucks but distributed over the entire 
population) and represents both petroleum and biofuels. 
This parameter gives users the ability to increase or decrease the societal-wide 
consumption of liquid fuels implying either a more profligate or energy-conservative 
approach, so forms an important inclusion to carrying capacity modelling. 
8.3.11 Fuel - biofuel 
This parameter allows users to alter the proportion of biofuel compared to petroleum 
used by the population. The key figures in this range are: 
 100 percent: only biofuel is consumed and no conventional liquid fuel 
(petroleum)  
 0.5 percent: average Australian biofuel consumption estimate875 
 Zero percent: only conventional liquid fuel is consumed and no biofuel 
There is a direct relationship between this parameter and the previous one (Fuel – 
all liquid fuel). While the previous parameter determines the amount of liquid fuel 
consumed, this parameter determines its source, thus offering users the ability to 
choose between renewable and non-renewable transport fuels. 
Once the amount of societal consumption of biofuel is determined, an estimate of 
land usage requirements can be made in a similar method to that of food utilisation in 
the Dashboard modelling. First, various basic inputs to biofuel production are 
identified including sugar cane, cereals and natural oils. Then wastage from the 
processing of these fuel sources is incorporated. For instance, it is estimated that only 
about six percent of the original weight of sugar cane is converted to ethanol while 
wheat derives a 29 percent conversion rate. Next, relative preference is given to the 
various basic fuel sources based on existing Australian consumption patterns. For 
instance, it is estimated that 55 percent of liquid fuel is currently used as gasoline (or 
alternatively ethanol) while 45 percent is used as diesel (or biodiesel).876 
 
                                                 
874 ABARES, "Australian Energy Resource Assessment.", 47 
875 Ibid., 321 
876 Bioenergy Site, "Australia Biofuels Annual Report 2009,"  (Sheffield: 2009). 
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8.3.12 Textiles - amount 
The incorporation of textile usage into Dashboard modelling is similar in approach to 
that of liquid fuels in that first a per-person amount of resource consumption is 
established, then this amount is apportioned to various sources. The Textiles – 
amount parameter offers a range of zero to 30 kilograms, with 23 kilograms being 
the current average Australian consumption amount.877 This amount includes both 
personal usage (e.g. clothing) and shared usage (e.g. office furnishings). 
Once the source of textile fibre is established (in the next two parameters), the 
amount of land required to produce the fibre (e.g. cotton from broadacre land-use and 
wool from pasture land) is then calculated based on yield data from ABS sources.878 
When incorporating the amount of fibre required for societal consumption, it was 
also necessary to account for wastage in the process of cleaning, spinning and 
manufacturing in much the same way as wastage is incorporated into the calculation 
of food consumption. 
8.3.13 Textiles - natural fibre 
This parameter gives users the opportunity to stipulate the degree to which the 
population’s textile usage is from natural or artificial sources. The key figures in this 
range are: 
 100 percent: only natural fibre is consumed and no synthetic fibre 
 50 percent: average Australian natural fibre consumption estimate879 
 Zero percent: only synthetic fibre is consumed and no natural fibre 
8.3.14 Textiles - wool fibre 
This parameter separates the consumption of woollen textile consumption from 
cotton as a proportion of the natural fibre chosen by users in the previous parameter 
(Textiles - natural fibre). Even though flax (0.4 percent) and cellulose (4 percent) 
                                                 
877 Plastina, "World Apparel Fiber Consumption Survey.". This report offers Australian fibre 
production and consumption figures between the years 1992 and 2008. For the purposes of this 
research a five year average (for consistency with the ABS yield figures) from 2004 to 2008 is used. 
878 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-06.", 
———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, "Agricultural 
Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-09.", ———, 
"Agricultural Commodities Australia 2009-10.". For this ABS data, cropping land is derived from 
land for crops and horticulture while pasture land is derived from all land used for grazing. 
879 Plastina, "World Apparel Fiber Consumption Survey." 
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account for a minor proportion of natural textile fibre, the vast majority is either wool 
or cotton so this parameter just focuses on the proportion of wool and cotton in fibre 
consumption. The key figures in this range are: 
 100 percent: only wool is consumed and no cotton fibre 
 12 percent: average Australian wool consumption estimate880 
 Zero percent: only cotton is consumed and no wool fibre 
8.3.15 Timber 
The timber parameter accounts for the amount of timber consumed by the population 
each year, calculated on a per person basis. This amount includes both personal 
usage (e.g. timber-framed house, firewood881) and shared usage (e.g. commercial 
timber-framed buildings). Given the lack of regional data for timber production, 
national figures are used for the Dashboard modelling. For instance, it was found that 
at present over 22 million cubic metres882 of timber are consumed in Australia each 
year, representing about one cubic metre per person. Production (8.9 cubic metres 
per hectare of trees883) and wastage (43 percent884) figures are then applied to this 
consumption amount in order to determine a Dashboard land-usage figure for timber. 
The inclusion of timber into carrying capacity modelling presents certain 
challenges. For instance, timber represents a variety of different functions such as a 
material for construction, energy (firewood), stationary and various other household 
and industrial items, each with varied degrees of importance to human survival. For 
simplicity, modelling for the Dashboard did not separate any of these choices for 
users. However, a potential improvement for a more detailed model might be to 
differentiate between timber for firewood and timber of other items because users 
may choose to adjust the consumption level of each of these aspects independently of 
the other. For instance, users may wish to assume that a future society may need to 
                                                 
880 Ibid. 
881 Don Driscoll, George Milkovits, and David Freudenberger, "Impact and Use of Firewood in 
Australia,"  (Canberra: CSIRO Sustainable Ecosystems, 2000). 
882 ABARES, "Australian Forest and Wood Products Statistics, September and December Quarters 
2010.", 28 
883 P. W. West et al., "Firewood Harvest from Forests of the Murray-Darling Basin, Australia. Part 2: 
Plantation Resource Required to Supply Present Demand," Biomass and Bioenergy 32, no. 12 (2008)., 
1224, ABARES, "Australian Forest and Wood Products Statistics, September and December Quarters 
2010." 
884 ABARES, "Australian Forest and Wood Products Statistics, September and December Quarters 
2010.", 19 
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increase its energy use from renewable sources such as timber, but decrease its use of 
construction materials. 
Another question to be addressed in the inclusion of timber in carrying capacity 
modelling concerns the source and management of timber plantations. For instance, 
firewood, which currently makes up just over half of Australia’s timber consumption, 
can be sourced from either fallen logs (otherwise known as course woody debris or 
CWD), off-cuts from sawn timber or from live plantations. At present, off-cuts and 
live trees make up about ten percent of national timber consumption, with the 
remainder comprising dead and/or fallen trees.885 This latter form of firewood 
collection poses environmental problems when the fallen logs and branches would 
otherwise have provided important ecosystem services. For instance, Groves and 
Meggs886 point out that in Australian forests, “[r]educing the amount of CWD and 
altering its distribution, composition and dynamics, can greatly affect dependent 
biodiversity.” Given that the extent to which this practice currently occurs in 
Australia is seen as unsustainable887 it was decided that the Dashboard modelling 
should be based only on the sustainable harvesting of live trees. Consequently, yield 
rates also took into consideration the length of time needed to grow a tree to suitable 
size for harvest. An average of 13 years888 was thus determined and yields (in cubic 
metres per hectare) were divided by this amount. 
Data availability was quite poor for timber production in Australia so in some 
cases local data was extrapolated to a national level889 and in other cases, national 
data was also assumed to be indicative of regional conditions.890 Both of these 
assumptions leave a margin for error but until accurate localised data is collected for 
timber yields, this was the best compromise available. 
 
 
                                                 
885 Driscoll, Milkovits, and Freudenberger, "Impact and Use of Firewood in Australia.", 11-12 
886 S.J. Grove and J. Meggs, "Coarse Woody Debris Biodiversity and Management: A Review with 
Particular Reference to Tasmanian Wet Eucalypt Forests," Australian Forestry 66 (2003)., 263 
887 Driscoll, Milkovits, and Freudenberger, "Impact and Use of Firewood in Australia.", 32 
888 West et al., "Firewood Harvest from Forests of the Murray-Darling Basin, Australia. Part 2: 
Plantation Resource Required to Supply Present Demand.", 1224 
889 An example of local data being extrapolated to a national level includes the firewood yield of 
Eucalyptus globulus plantations in the Murray-Darling basin. Ibid., 1224. 
890 An example of national data being used for regional conditions includes national sawn log 
production yields. ABARES, "Australian Forest and Wood Products Statistics, September and 
December Quarters 2010.", 19. 
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8.3.16 Infrastructure 
This parameter estimates the amount of land required for built infrastructure 
calculated on a per person basis. This amount includes both personal requirements 
(e.g. residential) and shared usage (e.g. land required for commercial, industrial, 
public service, recreational, defence, utilities, transportation-communication, mining, 
waste and water storage usage). 
The range offered in the infrastructure parameter is from zero to 2000 square 
metres. The key figures in this range are: 
 730 square metres:891 average Australian estimate including private 
residential land which is built-on but excluding privately owned green 
space. This option assumes that privately owned green space (e.g. 
backyards) could be used for resource production purposes (e.g. 
vegetable gardens). 
 1600 square metres:892 average Australian estimate including all private 
residential land which is built on and green space. This option assumes 
that privately owned green space (e.g. backyards) is not used for resource 
production purposes. 
When users increase the amount of infrastructural requirements of the population, 
the Dashboard modelling assumes that this increase in non-productive land-usage is 
drawn from the least agriculturally-productive sources first. So, the non-agricultural 
land class is reduced first, then pasture land, and lastly cropping land (and nature 
reserve is not adjusted as it is directly apportioned in its own parameter). This 
approach was chosen as it assumes that populations will value their best quality 
agricultural land more highly than their lesser quality land. It is acknowledged, 
however, this somewhat altruistic approach has not always occurred in the past so 
may not necessarily happen in the future. In fact, the methodological approach of the 
Ecological Footprint Analysis takes the opposing viewpoint in assuming that when 
built-up land is increased, it is most likely to occupy what would previously have 
been cropland. Borucke et al.893 justify this approach by stating that, “human 
settlements are generally situated in fertile areas.” 
                                                 
891 ———, "Land Use of Australia." For further discussion on how this figure was calculated see 
Chapter 8.2. 
892 Ibid. 
893 Borucke et al., "Accounting for Demand and Supply of the Biosphere’s Regenerative Capacity: 
The National Footprint Accounts’ Underlying Methodology and Framework.", 13 
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Ideally, in order to resolve this dilemma between apportioning new land-use to 
productive or non-productive sources, a more detailed model would offer users the 
ability to directly stipulate the source and proportion of any increases or decreases in 
infrastructural requirements. For example, once a user chooses to increase 
infrastructure from say, 730 square metres to 1000 square metres, a pop-up panel 
could appear that asks the user to stipulate from which land-use categories this 
additional 270 square metres of land will be drawn. 
8.3.17 Nature reserve 
This parameter allows the Dashboard user to stipulate the percentage of protected 
land as a proportion of all land in any given region. Defaults are provided for all 60 
regions as an indication of the existing amount of land set aside for conservation 
purposes.894 This is the only parameter that allows users to directly dictate the amount 
of land used for a particular purpose. All other parameters do so though the 
calculation of land requirements for certain activities such as a population’s diet or 
textile usage. The Nature reserve parameter, on the other hand, is not a reflection of 
societal need but rather of ecosystem requirements so no intermediate calculation is 
necessary. 
A similar approach to the apportioning of increased or decreased nature reserve is 
taken for this parameter as the Infrastructure parameter in that priority is given to 
better quality agricultural land. Consequently, non-agricultural land is first re-
allocated to Nature reserve, then pasture, then cropping land. It is assumed that 
infrastructure land may not be suitable for nature reserve, so it not re-allocated at all. 
However, (as per the previous parameter) a more detailed approach would be to offer 
users the ability to directly stipulate the source and proportion of any increases or 
decreases in nature reserve requirements. 
8.4 Temporal parameters 
Given the wide range of options available to Dashboard users, it was decided to 
simplify the process for those wishing to gain a quick impression of how the 
parameters may affect carrying capacity, by offering two sets of configurations, the 
short-term defaults and long-term defaults. The short-term defaults reflect current 
                                                 
894 Default nature reserve figures sourced from ABARES. ABARES, "Land Use of Australia.". 
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consumption and production estimates. However, the non-renewable resources that 
underpin our current lifestyle are viewed as unsustainable895 so this configuration is 
titled short-term. Alternatively, another configuration of parameters reflecting 
potential resource constraints in the future is also offered as a long-term option.  
Each region has a different set of short-term and long-term default figures but 
many individual figures are the same (reflecting a common Australian consumption 
pattern). The defaults figures for each parameter in the region representing the whole 
of Australia are summarised below (Table 7). The column titled Same amount for all 
regions indicates whether the default figures are common for all other regions. 
Table 7. Short-term and long-term defaults figures for each parameter in the Australian region.896 
 
 
Parameter Unit 
Short-term 
default amounts 
Long-term default 
amounts  
Same amount 
for all regions 
Region   Australia  Australia  no 
Cropping land km² 305,997 305,997 no 
Pasture land km² 3,639,794 3,639,794 no 
Non-agricultural land km² 1,914,478 1,914,478 no 
Infrastructure land km² 16,298 16,298 no 
Nature reserve land km² 1,811,007 1,811,007 no 
Total land km² 7,687,574 7,687,574 no 
Current Population people 22,326,388 22,326,388 no 
Climate timeframe years 1 100 yes 
Total food  % 100 100 yes 
Food - Meat - eggs % 13 7 yes 
Food - Red meat % 64 50 yes 
Food - Activity level no. 1 3 yes 
Food - Recycling % 0 100 yes 
Food - Avoidable 
waste % 12 0 yes 
Organic farming % 2 100 yes 
Irrigation % 0.7 0.7 no 
All liquid fuels lt 2520 253 yes 
Biofuel % 0.5 100 yes 
All textiles kg 23 11.5 yes 
Natural fibre % 50 100 yes 
Wool fibre % 12 90 yes 
Timber m³ 1 5 yes 
Infrastructure m² 730 500 yes 
Nature reserve % 24 30 no 
                                                 
895 Refer to Chapter 5. Future global carrying capacity crisis for more details on how current lifestyles 
are unsustainable. 
896 Refer to Appendix Tables 25 - 27 for a full list of short-term and long-term default figures. 
    217 
8.4.1 Short-term defaults 
The short-term defaults offered by the Dashboard best represent existing Australian 
production and consumption patterns. Each default figure is extensively researched 
with data sourced from the most reliable sources.897 Thus, the carrying capacity 
results offered by the modelling are as accurate as possible but only represent short-
term or temporary carrying capacity.898 
8.4.2 Long-term defaults 
As previously identified,899 while the estimation of short-term carrying capacity can 
be instructive for existing lifestyles, long-term carrying capacity assessments best 
predict sustainable societal behaviour. While Dashboard users can make their own 
predictions of potential future resource utilisation, it is anticipated that initially, they 
may be daunted by the number of parameters so a pre-determined set of choices are 
offered with a Long-term default option. These parameter settings aim to best predict 
a fossil-fuel free future but as with any future prediction, they are reliant on various 
assumptions (outlined below), some of which could be seen as speculative. 
Consequently, the Dashboard also allows users to alter any of the long-term default 
figures to match their own expectations. 
The long-term default for the Climate timeframe parameter is set at 100 years to 
accommodate a period of time spanning several generations. Gammage900 states that 
traditional aboriginal population levels901 “seem tuned not to ‘normal’ times but to 
harsh and erratic uncertainty, and not merely to bad times but to the worst times, 
such as giant floods or 100 year droughts.” Flannery902 also explains that Australia, of 
all continents, is the most extensively affected by the El Nino Southern Oscillation 
(ENSO) climatic system which brings droughts and floods of various intensity in 
cycles ranging from two to eight years. “It is this variability as much as anything else 
that makes it so difficult for living things to cope.” 903 With droughts that can last for 
                                                 
897 See Chapter 8.3 Resource-use parameters for a full description of the source of all data. 
898 See Chapter 7.3 Dynamic timeframes for an explanation of short-term or temporary carrying 
capacity. 
899 Refer to Chapter 7.3 Dynamic timeframes for comparisons of short-term and long-term carrying 
capacity. 
900 Gammage, The Biggest Estate on Earth: How Aborigines Made Australia., 150 
901 As per Chapter 4.2.1 Aboriginal Australia, aboriginal population levels can be deemed sustainable 
as they appear to have remained relatively constant for thousands of years. 
902 T. Flannery, "Biological Considerations in Determining an Optimum Human Population for 
Australia," in Population 2040 (Australian Academy of Science, 1995)., 49 
903 Ibid., 50 
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years and rainfall patterns that are not always annually predictable, Flannery explains 
that food storage practices common amongst animals on other continents, are usually 
ineffective strategies for Australian wildlife. This observation could also apply to 
human populations – the annual agricultural cycles around which grain production, 
in particular, developed in northern hemisphere societies, may not be as suited to 
Australian conditions if regions expect to be self-sufficient. For instance, the 
European tradition of annually storing enough grain from summer to get through 
winter would not work in Australia when droughts last longer than a year. Thus the 
long-term default for this parameter was set to 100 years, but users may even wish to 
increase this further. 
The default for the Meat-eggs parameter is 7.5 percent and for the Red meat 
parameter is 50 percent representing a healthy diet as modelled by the NHMRC.904 
The Activity level parameter is set to three which represents more than 90 minutes 
of daily strenuous activity. This dramatic increase from the current societal level of 
one (sedentary) is deemed necessary for a future population who will have to deal 
with the withdrawal of easily available fossil fuel energy. It is proposed that a higher 
proportion of the population will be employed in physical labour, particularly 
farming, and that walking and cycling will become more prevalent by necessity.  
It is also proposed that Avoidable waste might be reduced to zero in the long-
term, if human labour is substituted for fossil fuel labour, assuming that food might 
thus become more highly valued so won't be disposed of so willingly. Likewise, as 
much food as possible is likely to be recycled in an attempt to close resource loops 
and reduce wastage. Hence, the Recycling parameter is set to 100 percent. 
Current industrialised agriculture is almost entirely reliant on fossil fuels.905 It is 
assumed that in a future absence of this energy source, Organic farming will be 
adopted not as a system of choice (as it is now) but one of necessity. This parameter 
is thus increased to 100 percent. 
Irrigation is one of the few parameters which remain unchanged from short-term 
to long-term defaults. It is assumed that this practise is limited by biophysical 
constraints so any increase in irrigation seems unlikely in the future. However, in the 
absence of fossil-fuel powered pumping equipment, irrigation could easily decrease, 
                                                 
904 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
905 Refer to Chapter 5.1.4 Food for further exploration of modern agriculture’s reliance on fossil fuels. 
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but if so, it is difficult to make any estimates of the degree to this possible 
eventuality. 
The production of biofuel requires large areas of land. If Australia was to produce 
biofuel in the same quantities currently consumed as petroleum products, 96 percent 
of all cropping land would need to be dedicated to the purpose.906 It thus follows that 
if we are to assume a future point in time when petroleum is no longer available, then 
it seems extremely unlikely that a future society would choose to replace its fuel with 
an equivalent amount of biofuel as this endeavour would dramatically reduce its 
potential food supply. For the long-term default setting, the Biofuel parameter was 
thus increased to 100 percent and the All liquid fuel parameter was reduced from its 
current level of 2520 litres per person to only 253 litres per day. This reduction is 
derived by examining the current consumption sources of liquid fuel and decreasing 
each component appropriately. For instance, agricultural requirements (e.g. tractors) 
are viewed as essential to human survival and only reduced by 20 percent of current 
levels but most other industries (e.g. construction, commerce, industry and transport) 
are reduced by 90 percent while mining and roads are reduced by 95 percent (with 
less road transport, less car traffic is envisaged and at present, much of Australia’s 
mined resources are exported overseas so in a more locally-orientated future system, 
mining itself would be reduced dramatically). Lastly, air-travel is seen as virtually 
non-existent in this fossil-fuel free future because of its dependency on large 
amounts of fuel. 
 The future envisaged under the long-term parameters is less consumption-
orientated than today’s society and this is also reflected in the anticipated use of 
textiles. Obviously, people will still need clothing and fabrics but perhaps a more 
frugal society might recycle and repair their textiles more often. Consequently, the 
All textiles parameter is reduced by half to 12 kilograms per person per year, the 
Natural fibre parameter is increased to 100 percent (in the absence of artificial 
petroleum-based fibre). The third textile parameter, Wool fibre measures the 
proportion of consumption compared to another natural fibre, cotton. So the absence 
of fossil fuels has no obvious deleterious effect on either source of fibre. However, 
wool is likely to be a more reliable long-term option than cotton in most parts of 
                                                 
906 This figure of 96% of all cropping land is based on model calculations using the Carrying Capacity 
Dashboard. The Dashboard results show that increasing biofuel production to 100% while leaving all 
liquid fuel at 2520 litres per person generates a cropping land requirement of 293,487 square 
kilometres. 
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Australia because cotton farming relies heavily on irrigation. Between 2005 and 
2010, all 457 cotton farms were fully irrigated at an application rate higher than any 
other crop except for rice.907 Additionally, wool is generated from sheep on pasture 
land while cotton is sourced from cropping land. Given that Australia pasture land is 
roughly nine times the size of its cropping land,908 the best proportion between wool 
and cotton was deemed to be 90 percent wool and 10 percent cotton. 
The long-term Timber parameter was set at five cubic metres, some five times its 
current level of consumption. This was deemed necessary due to the possible 
reduction in energy-intensive construction products such as steel and concrete along 
with a likely increased demand for firewood in the absence of fossil fuels. This 
increase also seems possible given that both short-term and long-term configurations 
produce an excess of non-agricultural land of 1.7 million and 800,000 square 
kilometres respectively. Perhaps there is some potential to increase this timber 
consumption further but without more detailed analysis (which could not be found), 
it is difficult to know. 
The Infrastructure parameter is reduced from its current amount of 730 square 
metres to 500 square metres. The method behind this reduction lies largely in the 
proposition that fossil fuel depletion will necessitate a more localised societal 
configuration and a less wasteful way of life. For example, landfill, mining and 
large-scale industrial land-use areas are assumed to reduce dramatically; transport, 
residential and defence areas are expected to reduce somewhat while other functions 
such as sewage, public services, recreation and water storage are not expected to 
change substantially. 
The percentage of nature reserve in any area is viewed as a sign of the provision 
of ecosystem services. As such, an area which currently possesses little nature 
reserve is deemed to have less ability to provide long-term ecological benefits than a 
region with more reserves.909 A threshold of a minimum level of nature reserve to 
ensure adequate provision of sustainable long-term ecosystem services was thus 
deemed to be the appropriate level for the long-term Nature reserve parameter. 
Sattler and Williams suggest that about 30 percent is a minimum viable proportion of 
                                                 
907 Australian Bureau of Statistics, "Water Use on Australian Farms, 2009-10,"  (Canberra: 
Commonwealth of Australia, 2009). 
908 As per Table 6, Australia’s cropping land is 305,997 square kilometres while its pasture land 
measures 3,639,794 square kilometres. 
909 P. Sattler and R. Williams, The Conservation Status of Queensland's Bioregional Ecosystems 
(Brisbane: Queensland Government - Environmental Protection Agency, 1999). 
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nature reserve910 so this figure was chosen as the threshold for the long-term defaults. 
It should be noted, however, that if more detailed analysis was conducted of each 
region which examined where conservation areas might best be placed in order to 
maintain and enhance regional biodiversity and eco-system services, then targeted 
proportions of nature reserve might yield different results than this across-the-board 
figure of 30 percent. 
In Australia, 13 of the 60 Dashboard regions currently already possess more than 
30 percent nature reserve; so for the long-term defaults, the amount of nature reserve 
remained the same for these 13 regions while the parameter was increased to 30 
percent for the remainder. 
8.5 Population parameters 
The population for each region was also included in both short-term and long-term 
defaults, but representing current statistics, remains unchanged in both sets of 
figures. The national and state populations were readily sourced from ABS data,911 
but the existing population for each of the NRMs was not easily accessible and had 
to be sourced predominantly from journal articles.912 
8.6 Data processing 
In accord with the process flowchart (Figure 32), once Dashboard users have made 
choices relating to scale, land-use, resources, time and population,913 the model then 
processes these parameters in the context of anticipated consumption. The aim of this 
processing is to convert the consumed quantities of resources into produced amounts 
and then ultimately into areas of land required for production. Various calculations 
are required in this process particularly relating to agricultural production, recycling 
and also the eventual carrying capacity output. Generally, there is an ordering of 
these computations whereby one calculation informs the next and this chronology is 
reflected in this chapter which traces resource utilisation from consumption through 
production to carrying capacity and land-usage. 
                                                 
910 Ibid. 
911 Australian Bureau of Statistics, "Australian Demographic Statistics,"  (Canberra: Commonwealth 
of Australia, 2011). 
912 Lisa Robins and Stephen Dovers, "NRM Regions in Australia: The ‘Haves’ and the ‘Have Nots’," 
Geographical Research 45, no. 3 (2007)., 280-281 
913 See Chapters 8.1 to 8.5. 
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8.6.1 Agricultural consumption to production 
There are several processes involved in the conversion of consumed resources to 
production land areas including losses, serving amounts, production yields and 
dietary component calculations. By way of example, the following tables (Tables 8 
to 11) describe this process for just one dietary sub-category, that of wholemeal 
bread.914 This example should be viewed in the context of the entire database (Table 
28) whereby wholemeal bread makes up one of nine sub-categories of the whole 
cereals, which in turn is just one of 20 such resource categories. Other whole cereals 
subcategories include muesli, oats and brown rice while other resource categories 
include, fruit, legumes, fibre and biofuel. The following tables (8-11) are consecutive 
so row 9, for example, relates to canola seed in each table. 
The Dashboard follows Peters’ et al. 915 advice and incorporates a complete diet in the 
modelling. Accordingly, each consumed item is broken down into its most basic 
commodities. For instance, the wholemeal bread sub-category is further divided into 
five raw commodities: wheat, spelt, maize, rye and canola seed (Table 8). In accord 
with NHMRC modelling,916 these commodities represent the four types of wholemeal 
bread predominantly consumed in Australia together with canola seed, which is 
representative of the oil component added to most bread. 
 
 
 
 
                                                 
914 There was also some modelling that took place prior to the development of this spreadsheet which 
involved the condensing of the full diet down to just the raw ingredients. For example, prior to the 
development of Tables 8 to 11, the diet included the following components: 
Bread, brown, from white & wholemeal flour Bread, from wholemeal flour 
Bread, from wholemeal flour, homemade bread mix Bread roll, from wholemeal flour 
Bread, mixed grain    Bread, mixed grain, homemade from bread mix 
Bread roll, mixed grain    Bread, flat (pita or Lebanese style), wholemeal 
Bread, chapatti, no added fat   Bread, from spelt flour 
Bread, corn, homemade    Bread, from rye flour, dark 
Bread, from rye flour, light    
915 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example.", 152 
916 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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Table 8. One section of the resource database showing the whole cereal category (row A), wholemeal 
bread sub-category (row B) and raw commodities (row C). 
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3 Unit      
4 Adjustments     
5 Wholemeal cereals Breads - wholemeal wheat (whole) 
6     spelt (whole) 
7     maize (whole) 
8     rye (whole) 
9     canola seed 
10 TOTALS     
The first step in data processing is to establish the amount of anticipated resource 
losses between when a commodity is produced and consumed. The Dashboard’s 
conversion of consumed amounts into produced amounts is chronologically arranged 
(e.g. from food eaten to food grown), beginning with losses in inedible portions, 
through cooking, consumer losses to retail, processing and primary production 
(Table 9).917 These losses are given as percentage yields. For example, the processing 
yield for canola (cell J9) is 42 percent while for wheat it is 128.9 percent (cell J5). 
This indicates that the process of making canola oil from seed yields only 42 percent 
of its original weight while the addition of water to the wheat flour yields a net 
weight gain for the wheat bread. In the model, the percentages given in columns D, 
E, F, H, J and K represent data drawn from referenced sources,918 while the other 
columns in this spreadsheet contain equations to adjust the original data according to 
user choices. In this example, the user chose an amount of 17 percent in the 
avoidable waste parameter which translates to an 83 percent yield (cells G4, I4 and 
L4). Of all the possible waste in this process, only consumer, retail and primary-to-
retail waste is avoidable so only these wastage amounts are able to be adjusted. By 
way of example, the formula to adjust the losses for the anticipated consumer loss of 
wheat bread (cell G5) is: 100%-(G4*(100%-F5)); where, the original yield (80%) is 
multiplied by the user choice (83%) to generate a new anticipated yield from 
consumer losses (83.3%). All yields are then accumulated in column M with the 
                                                 
917 Given the complexity of the modelling, it was decided to include the formulae in this part of the 
thesis in their original Microsoft Excel spreadsheet format, together with examples from the 
spreadsheet in their tabular format. This approach offers a way to give each formula a context within 
the model itself because each equation can be located by its Cartesian reference (eg. F5). 
918 See Chapter 8.3.6 Food - avoidable waste. 
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formula (for wheat in cell M5): 1/(D5*E5*G5*I5*J5*L5); to generate a total yield 
percentage (103.5% in this case). 
Table 9. Example of one section of the resource database (under Australian short-term default 
settings) illustrating how losses are calculated in the Dashboard.  
 
 
 D E F G H I J K L M N O 
1 Losses (shown as a reduction in yield) Recycling 
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3 % yield % yield % yield % yield % yield % yield % yield % yield % yield % yield % 
grams / 
week 
4    83%  83%   83%   10% 
wheat 5 100.0% 100.0% 80.0% 83.3% 88.0% 90.0% 128.9% 100.0% 100.0% 103.5% 25.0% 6.9 
spelt  6 100.0% 100.0% 80.0% 83.3% 88.0% 90.0% 136.3% 100.0% 100.0% 97.8% 25.0% 0.7 
maize 7 100.0% 100.0% 80.0% 83.3% 88.0% 90.0% 139.4% 100.0% 100.0% 95.6% 25.0% 0.7 
rye 8 100.0% 100.0% 80.0% 83.3% 88.0% 90.0% 128.6% 100.0% 100.0% 103.7% 25.0% 0.0 
canola  9 100.0% 100.0% 80.0% 83.3% 88.0% 90.0% 42.0% 100.0% 100.0% 317.5% 68.5% 0.3 
TOTAL 10             
The next section of the spreadsheet deals with a preferencing of consumed raw 
commodities together with a calculation of agricultural production amounts (Table 
10). The Dashboard modelling regulates the amount of food (and other resources) 
consumed by the population in four different ways which directly represents the 
approach adopted for NHMRC modelling:919 serving sizes, serve amounts, 
subcategory preferencing and category preferencing.920 
Serving sizes for food items are stipulated in the NHMRC database921 and remain 
unchanged in Dashboard modelling. For instance, the serving size of wholemeal 
bread is 40 grams per person per week (Table 10 – column P). Serving sizes were 
also developed for the non-food resources such as biofuel, fibre and timber, but 
rather than being constant values in the modelling, their values are variable 
depending on the user’s choices. This difference in approach resulted from the fact 
that users are able to stipulate the total amount of each on the non-food resources 
                                                 
919 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
920 The raw data used for Dashboard modelling for this preferencing of consumption can be found at 
Appendix Table 28. The last three columns of this table represent the serving size, category preference 
and sub-category preference amounts. These are constants in the calculations. However, the fourth 
method regulating consumption, serve amounts, is a variable which is generated by the user so is not 
included in Table 28. Instead, it can be found in Table 29. 
921 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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consumed, whereas they only change the percentage of elements within set diets for 
food. Thus, the serving sizes are directly imported from the choices that a user 
makes, with the exception that adjustments in measurement scales are made from 
kilograms to grams (multiplied by 1000) for fibre and litres to grams for biofuel 
(ethanol is multiplied by 792 and biodiesel is multiplied by 880922). 
Table 10. Example of one section of the resource database (under Australian short-term default 
settings) illustrating the preferencing of serves of commodities as well as agricultural production 
calculations.923 
 
 
 P Q R S T U V W X Y Z AA AB 
1 Preferences - serves Agricultural production 
2 
S
e
rv
e
 s
iz
e
 
S
e
rv
e
 a
m
o
u
n
t 
/ 
w
e
e
k
 
S
u
b
-c
a
te
g
o
ry
 p
re
fe
re
n
c
e
 
S
u
b
-c
a
te
g
o
ry
 +
 z
o
n
a
l 
p
re
fe
re
n
c
e
 
A
d
ju
s
t 
s
u
b
-c
a
te
g
o
ry
 
p
re
fe
re
n
c
e
 
C
a
te
g
o
ry
 p
re
fe
re
n
c
e
 
C
a
te
g
o
ry
 +
 z
o
n
a
l 
p
re
fe
re
n
c
e
 
A
d
ju
s
t 
c
a
te
g
o
ry
 
p
re
fe
re
n
c
e
 
S
e
rv
e
 F
in
a
l 
O
n
 -
 o
ff
 
Y
ie
ld
 
T
o
ta
l 
la
n
d
 
T
o
ta
l 
la
n
d
 
3 grams no. % % % % % % grams/week no. grams / m² metres² metres² 
4                           
wheat 5 40 17 69.0% 69.0% 81.5% 47.1% 47.1% 47.1% 276.2 1 136.8 2.0184   
spelt  6 40 17 7.7% 7.7% 9.1% 47.1% 47.1% 47.1% 29.0 1 68.4 0.4240   
maize 7 40 17 7.7% 7.7% 9.1% 47.1% 47.1% 47.1% 28.4 1 534.9 0.0530   
rye 8 40 17 15.3% 0.0% 0.0% 47.1% 0.0% 47.1% 0.0 0 0.0 0.0000   
canola  9 40 17 0.4% 0.4% 0.4% 47.1% 47.1% 47.1% 4.2 1 103.1 0.0403   
TOTAL 10 40 17 99.6% 84.6% 100.0% 47.1% 47.1% 47.1%   3     2.5358 
Serve amounts is the second way in which consumption figures are manipulated 
in the modelling. For food, the serving amounts are again based on the servings used 
in NHMRC modelling but these change depending on user choices in the Meat-eggs, 
Red meat and Activity levels parameters.924 In the wholemeal breads example (Table 
10), the user has chosen a sedentary activity level and a meat-eggs amount of 13 
percent. This results in a consumption amount of 17 serves per week925 (column Q) of 
wholemeal breads.926 In accord with the NHMRC approach, the manipulation of 
serve amounts is the primary way in which the modelling is altered. While the 
                                                 
922 US Department of Energy, "Alternative Fuels Data Centre,"  
http://www.afdc.energy.gov/fuels/biodiesel_basics.html.. This calculation is based on the specific 
gravity of biodiesel of 0.88. So if the biodiesel amount in the model is 1000 litres, the formula would 
be: 0.88 x 1000 lt x 1000 (to convert to grams) = 880,000 grams of biodiesel. 
923 The yield figure for rye production is altered from the original Australian short-term default figures 
in this example for illustrative purposes. 
924 The serving amounts are also based on NHMRC modelling (Byron et al., "A New Food Guidance 
System for Australia – Foundation and Total Diets. Revised Draft Report for Public Consultation.") 
and are listed in Table 29.  
925 This figure of 17 serves per week is drawn from the Dieatary servings data (Appendix Table 29) 
established from NHMRC modelling. Ibid. The 17 serves figure can be found in Table 29 under: 
Activity level = 1, Meat-egg % = 13, Wholemeal cereals = 17. 
926 The weekly timeframe reflects NHMRC modelling but is converted to a yearly timeframe in 
subsequent calculations (see Chapter 8.6.3 Output). 
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amounts for the other three approaches (serving sizes, sub-category preferencing and 
category preferencing) are fixed within the model, serving size varies depending on 
user choice. Alternatively, because the user directly chooses the amount of biofuel, 
fibre and timber in the model, the serve amount category is not required for the non-
food resources. 
Given that populations do not usually consume exact proportions of each 
commodity, the Dashboard reflects likely Australian preferencing of some 
commodities over others. The NHMRC modelling927 achieves this both at a broad 
category scale and within subcategories of foods. At the larger, category scale, there 
are fifteen food groups928 of which Wholemeal cereals is one.929 Within each category 
are various sub-categories. The sub-category illustrated in Table 8 is Wholemeal 
bread (column B), of which there are 5 food items (wheat, spelt, maize, rye and 
canola) each of which are generally consumed in differing quantities in relation to 
each other. For example, NHMRC data930 shows that within the wholemeal breads 
category, wheat comprises 69 percent (cell R5) of all types of bread consumed in 
Australia while rye comprises 15.3 percent (cell R8). There is the possibility, 
however, that some regions may not climatically support the production of some 
commodities, so preferencing in such omissions needs to be recalibrated accordingly. 
The Dashboard accommodates this re-preferencing by turning off any raw 
commodities that do not return a yield data figure (column Y). For example, in the 
wholemeal breads example, rye is not produced in the region that the user has chosen 
so the yield data and on/off cells (cell Z8 and Y8 respectively) are zero. The 
preferences shown in column R are then multiplied by column Y, in column S. At 
this point, the total consumed amount is only returning 84.6 percent (cell S10). In 
order to recalibrate the preferencing so that the total consumer amount equals 100%, 
the following formula is used (in cell T8): IF(S10=0,0,S8/S10). In this case a zero 
amount is returned because S10=0, but in the case of say, wheat where the formula 
is, IF(S10=0,0,S5/S10), the original preference of 69 percent is now converted to 
81.5 percent. This way, the original proportions of each commodity are maintained 
                                                 
927 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
928 NHMRC food groupings are: wholemeal cereals, refined cereals, dairy high fat, dairy medium fat, 
dairy low fat, fruit, legumes, red meats, white meat / eggs, nuts & seeds, green vegetables, orange 
vegetables, other veg, starchy vegetable, and fats and oils. Two additional grouping were added (as 
per Chapter 8.3.2) titled other and lacto-ovo. 
929 See column A in Table 8. 
930 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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while the commodities which are not locally available are withdrawn from 
calculation. This example is of re-preferencing at a sub-category level. The same 
approach is also applied at a category level as seen in columns U to W in Table 10. 
In this case, the model is showing that within the whole cereals category, wholemeal 
breads make up 47.1 percent of preferred consumption. If whole sub-categories are 
not locally available then this figure would be adjusted (columns V and W) using the 
same method as for particular commodities. A final serving amount is then calculated 
by multiplying the total required loss/yield (column M), the serving size (column P), 
the serving amount (column Q), the adjusted sub-category preference (column T) and 
the adjusted category preference (column W) for each commodity. For instance, in 
the example given (Table 10), the total amount of wheat required is calculated to be 
276.2 grams per week (cell X5). 
In summary of this preferencing component to Dashboard modelling: 
1. The serve size applies equally to commodities at the sub-category level (e.g. 
wholemeal bread) and reflects the grams of the commodity consumed per 
serve. 
2. The serve amount applies equally to commodities at the category level (e.g. 
wholemeal cereals) and reflects how many times each serve will be estimated 
to consumed each week 
3. The category preference reapportions the amount of consumed commodity (in 
grams per week) amongst the sub-categories. 
4. The sub-category preference reapportions the amount of consumed commodity 
amongst the ingredients that make up a combined item (i.e. bread has 
ingredients so has sub-categories but milk is a stand-alone product so needs no 
sub-category). 
Based on the amount of each commodity required for consumption (column X), 
the land required for its production is then calculated simply by dividing the 
consumption by the agricultural yield (column Z). For example, for wheat in the 
example given (Table 10), 276.2 grams per week is divided by the yield of 136.8 
grams per square metre to give a total of 2.0184 square metres per week (i.e. land 
required = amount consumed / yield). This is then summed with the other raw 
commodities to give a total for the sub-category of 2.5358 square metres per week 
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(cell AB10). In the model, all these sub-category figures are then summed, to 
generate a total area of land required per person per week. 
8.6.2 Dietary components 
The Dashboard also calculates the dietary components of each user-defined 
consumption pattern (Table 11). This is achieved by multiplying a database931 of 
constituent amount of water, energy, protein, fat, carbohydrates, sugar and fibre in 
each sub-category (columns AK to AQ), by the consumed amounts previously 
calculated (in Table 10). This calculation is only consumption-based (as it reflects 
the amount of fat, for example, consumed, not produced) so adjustments for 
production losses are not relevant. Consequently, the calculation (in cells AD10 to 
AJ10) involves multiplying the constituent amount (columns AK to AQ) by the serve 
size (column P) by the serving amount (column Q) by the adjusted category 
preference (column W). 
Table 11. Example of one section of the resource database (under Australian short-term default 
settings) illustrating the constituent parts of diet consumed by the population. 
 
 
 AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ 
1 Components per diet Components per 100g 
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3 g/week g/week kj/week g/week g/week g/week g/week g/week g/100g kj/100g g/100g g/100g g/100g g/100g g/100g 
4                               
wheat 5                
spelt  6                
maize 7                
rye 8                
canola  9                
TOTAL 10 327.5 122.6 3321.6 30.7 10.1 134.8 11.7 18.1 37.4 1014.2 9.4 3.1 41.1 3.6 5.5 
As well as calculating land requirements, it is also possible to utilise Dashboard 
modelling to determine food component consumption on a per person basis across 
the complete diet (Table 12). This is achieved by summing all relevant totals from 
the resource database (Tables 8 to 11). Initially, the amount of food produced is 
tabulated (Table 12, column B) by referencing the Final serve figures (as per Table 
10, column X) from the resource database. The original figures are stated as grams 
                                                 
931 Sources of data: Food Standards Australia and New Zealand, "Ausnut07 Australian Food, 
Supplement & Nutrient Database."; Byron et al., "A New Food Guidance System for Australia – 
Foundation and Total Diets. Revised Draft Report for Public Consultation." 
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per person per week so in order to arrive at a yearly figure in kilograms, each total is 
multiplied by 52.18 and then divided by 1000. In relation to dietary intake, the 
consumption calculations are of particular relevance.932 A similar approach is taken 
for consumption (column D) as production calculations (column B), although the 
data is drawn from the Food consumed column in the resource database (Table 11, 
column AC). Likewise, amounts for protein, fat, carbohydrates, sugar, fibre and 
energy are drawn from equivalent columns in the resource database (Table 11, 
columns AE to AJ). 
Table 12. Example of summary calculations (under Australian short-term default settings) for food 
consumption. 
 
 A B C D E F G H I J K L 
1 RESOURCE As produced As consumed Protein Fat Carb. Sugar Fibre Energy 
2 unit.   
kg / p / 
year 
% 
kg / p / 
year 
% kg / p / year 
mJ / p / 
year 
kJ / p / 
day 
3 Cereals 114 11.6% 122 23.7% 7 2 39 4 3 900 2,463 
4 Dairy 291 29.5% 117 22.7% 4 3 8 7 0 298 815 
5 Fruit 107 10.9% 51 9.9% 0 0 7 6 1 137 375 
6 Legume 3 0.3% 5 1.0% 0 0 0 0 0 23 64 
7 Red meat 81 8.2% 38 7.5% 12 4 0 0 0 332 909 
8 White meat, eggs etc. 95 9.6% 28 5.4% 6 2 0 0 0 177 485 
9 Nuts 4 0.4% 1 0.3% 0 1 0 0 0 34 93 
10 Vegetables 179 18.2% 85 16.5% 2 0 8 2 2 197 541 
11 Oil 18 1.8% 4 0.8% 0 3 0 0 0 114 311 
12 Sweeteners (& drinks) 94 9.6% 63 12.2% 1 1 20 19 0 477 1,305 
13 Biofuel 0 0.0% 0 0.0% 0 0 0 0 0 0 0 
14 Textiles 0 0.0% 0 0.0% 0 0 0 0 0 0 0 
15 Timber 0 0.0% 0 0.0% 0 0 0 0 0 0 0 
16 Infrastructure 0 0.0% 0 0.0% 0 0 0 0 0 0 0 
17 Reserve land                       
18 TOTAL / p / year 984 100.0% 516 100.0% 34 16 82 39 8 2,689 7,362 
8.6.3 Recycling 
The recycling parameter demonstrates the occurrence of internal feedback within 
the modelling. The process of calculating recycling begins with the user choosing a 
percentage of recycling in the Dashboard interface. This figure appears in cell O4 in 
the resource database (Table 9). In the example given (Table 9), this is ten percent. 
The amount of potential recyclable material per commodity is determined by 
multiplying all relevant reductions in yield for each of the commodities in the 
database. As previously discussed,933 losses (in columns D to L in Table 9) are 
calculated as percentage yields so simply multiplying these together would generate 
                                                 
932 The difference between the produced amounts and the consumed amounts can be accounted for in 
the loss through wastage described in Chapter 8.6.1 Agricultural production. This difference is also 
highlighted and discussed in Chapter 9.7 Comparison by food groups and timeframe. 
933 See Chapter 8.6.1 Agricultural consumption and production. 
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an accumulated yield percentage rather than a loss. Therefore, in order to invert the 
figure to a loss, after multiplying the yield reductions, they are deducted from 100% 
as follows (according to row 5 of the example database in Table 9): 
Recyclable loss % = 100% - (D5*G5*I5*L5); 
where D5 is Inedible yield reduction, G5 is Adjusted consumer yield reduction, I5 
is Adjusted retail yield reduction and L5 is Adjusted primary to retail yield 
reduction; and by way of example (according to row 5, Table 9.): 
25% = 100% – (100% x 83.3% x 90% x 100%); 
and 25% appears in cell N5 of Table 9. 
In this example, there were four potential ways that recycled material could be 
produced – through reductions in yield from inedible portions, consumer, retail and 
primary losses. Presently, the recycling function in the Dashboard only 
accommodates the recycling of solid materials rather than water so it was important 
to not include water losses in this calculation. It is for this reason that the remaining 
types of losses, namely cooking934 and processing935 losses, are not included in this 
formula. However, in the production of canola oil from seed, weight is also lost in 
the processing, so the formula for canola, in this example (Table 9), is as follows: 1-
(D9*G9*I9*L9*J9) (where J9 represents the reduction in yield from processing). 
When the there was a reduction in the yield from processing which involved both the 
loss of water and other recyclable material, it was necessary to determine the 
proportion of each and only include the recyclable amount in the calculations. 
Table 13. Example of Dashboard recycling spreadsheet (Australian short-term default settings).. 
 
 A B C D F E G H I J 
1 Commodity 
Produced 
amount (g) 
Consumed 
amount (g) 
Consumed 
% 
Potential 
feed (g) 
FCR 
Potential 
produced 
amount (g) 
Proportion 
recycled 
Original 
land 
required 
(m²) 
Reduction 
in land 
(m²) 
2 pork (dressed) 262 80 13% 131 4.7 28 11% 6.1 0.7 
3 egg (chicken) 175 111 18% 181 3.2 56 32% 2.6 0.8 
4 chicken (dressed) 652 229 37% 373 2.7 137 21% 9.4 2.0 
5 duck (dressed) 75 12 2% 20 3.1 6 9% 0.5 0.0 
6 turkey (dressed) 32 12 2% 20 3.2 6 19% 0.5 0.1 
7 fish (farmed) 683 136 22% 222 2.5 87 13% 11.2 1.4 
8 seafood (farmed) 198 34 5% 55 4.7 12 6% 5.1 0.3 
9 TOTAL 2,076 614 100% 1,000 3.4 333 16% 36 5 
                                                 
934 A reduction in the commodity weight from cooking was as a result of evaporated water loss so was 
not included in the recyclable losses. 
935 In this case, the processing of the wheat bread uses whole grains so the weight change in 
processing is due to water gain only. However, in the case of refined bread (not illustrated here), 
weight is also lost in the processing of the wheat from whole flour to white flour.  
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Once the recyclable loss percentage was established for each commodity, it was 
then possible to calculate its weight by multiplying the user’s choice of recyclable 
material (cell 04 in Table 9) by the final serve (cell X5 in Table 10) by the recyclable 
loss (cell N5 in Table 9). For example (according to the example given in row 5 of 
Table 9): 
Recyclable material = 10% x 276.2 x 25% = 6.904 
The recyclable material amounts (column O in Table 9) of all commodities are 
then summed to generate a total recyclable amount. This includes all foodstuffs as 
well as potential waste generated by biofuels (in the processing and handling of the 
edible material used to produce biofuel such as sugarcane and canola). The total 
recyclable amount will differ with each choice made across various parameters in the 
Dashboard as each commodity exhibits a different propensity for recycling, but for 
the purposes of illustration (for the next part of the process), the total recyclable 
weight generated was 1000 grams per week (summing column 0, Table 10).936 
Within the Dashboard modelling, recyclable food is incorporated into animal 
feed,937 so a method for determining the apportionment of this resource was 
developed. Feeding animals with otherwise underutilised resources also potentially 
means that those animals use a smaller amount of land than they otherwise would. 
Consequently, a method for determining a subsequent reduction in land requirements 
was also developed. In the example given, it was found that when a user chose a 
recycling percentage of 10%, 1000 grams of recyclable material was generated 
which could potentially be fed to animals. This figure (1000 grams) is imported to 
the recycling table at cell E9 (Table 13). This table lists the potential recipients of the 
recyclable food (column A) as pigs (pork), chickens (for egg and meat production), 
duck, turkey, farmed fish and farmed seafood. These are the animals included in the 
modelling (according to NHMRC data938) which are capable of consuming human 
recycled food.939 The next two columns (B and C) link to the produced and consumed 
amounts of each of these commodities previously calculated in the resource 
                                                 
936 These figures are not shown in the tables provided here but a list of all the summed sub-categories 
can be found in Table 28. 
937 See Chapter 8.3.7 Food – recycling. 
938 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
939 This list of animals excluded grass-eating animals such as cattle for this reason. 
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database.940 For example, for pork, the model indicates that for every 262 grams 
produced, only 80 grams is eventually consumed. A total weight of these animal 
products are also summed (in row 9, Table 13) highlighting that 2,076 grams of these 
animal products are produced (per week) while of that amount, 614 grams are 
consumed. 
It is then necessary to determine the popularity of each of these animal products 
within the given diet so that the recyclable material can be apportioned according to 
the preferences given by the Dashboard user. This is calculated in column D by 
dividing each commodity amount by the total commodities consumed (cell C9). For 
instance the equation for pork in row 2 is: 
Proportion of consumed product = C2 / C9; and by substituting the figures in 
Table 13: 
Proportion of consumed product = 80 / 614 = 13% 
These proportions (Consumed %) are then applied to the total available recyclable 
material, which in the case of the example given, is 1000 grams941 (in Cell E9, Table 
13), to generate potential feed amounts for each animal. Column E apportions this 
total recyclable amount by multiplying each consumed percentage (in column D) 
amounts by cell E9. For instance, the equation for pork in row 2 is: 
Potential feed = E9 * D2; and by substituting the figures in Table 13: 
Potential feed = 1000 x 13% = 131 grams (shown in cell E2). 
It is then necessary to calculate the amount of human food generated by each 
animal as this will ultimately determine the amount of land saved by recycling the 
waste back to the animals. A feed conversion ratio (FCR) for each of the animals is 
used for this purpose (column E). FCRs are a widely accepted method of estimating 
the amount of anticipated return in animal mass compared to the amount of feed 
given to animals.942 A set of FCR’s were derived for the animals included in the 
recycling table. 943 These appear in column F. 
                                                 
940 Examples from this database are given in Tables 8 to 11 and the full list of commodities is given in 
Table 28. 
941 The source of this figure has already been described in this chapter. 
942 Westendorf, Food Waste to Animal Feed., 194 
943 For reference sources of FCR amounts see Table 20. Grazing yields. 
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The potential feed amount calculated in column E, forms the animal-feed drawn 
from the food wastage stream that is deemed to be recyclable. Dividing this figure by 
the FCR then derives an amount indicative of a potential production figure (column 
G) for each commodity. For instance, for pigs, it is calculated that 28 grams of pork 
(cell G2) can be produced from 131 grams of recycled food fed to pigs (cell F2). For 
instance, the equation for pork in row 2 is: 
Potential produced amount = E2 / F2; and by substituting the figures in Table 13: 
Potential produced amount = 131 x 4.7 = 28 grams (shown in cell G2).  
According to the example given (for pork in Table 13), the amount of otherwise 
wasted resources, recycled back to feed pigs would produce 28 grams of pork per 
person per week. Based on this feed amount, it is possible to calculate the amount of 
land that this practice might save in the food production system. To achieve this, 
there are three further steps. The first stage (column H) calculates the proportion of 
each commodity which is produced through the recycling practices. For instance, the 
28 grams of pork produced through recycled resources is 11% of total pork 
production (under the Dashboard parameters chosen). This is calculated by dividing 
the Potential produced amount (28 grams – cell G2) by the Produced amount (262 
grams – cell B2). This proportion of recycled production to non-recycled production 
is then used to inform the change in land requirements after recycling. The original 
land requirements (i.e. prior to any recycling calculations) are drawn from the 
Resource database (column AB in Table 9 shows one small section of the whole 
database). The land requirements for each of the animal products is displayed in 
column I. Lastly, the proportion recycled (column H) is multiplied by the original 
land requirements (column I). For instance, the equation for pork in row 2 is: 
Reduction in land = I2 x H2; and by substituting the figures in Table 13: 
Potential produced amount = 6.1 x 11% = 0.7 m2 (shown in cell J2).  
This figure for land reduction is then deducted from total carrying capacity 
figures. 
8.6.4 Outputs – carrying capacity 
In Dashboard modelling, once the amounts of land required for various commodities 
are established, the next step is to apply these land areas to population calculations in 
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order to arrive at a carrying capacity figure (Table 14). This data processing appears 
in the Output boxes on the Carrying Capacity Dashboard flowchart (Figure 32). 
Table 14. Example of summary calculations (under Australian short-term default settings) for 
carrying capacity. 
 
 A B C D E F G H 
1   Land types 
2 RESOURCE Total land Cropping Pasture 
Non-
agricultural 
(forestry) 
Infra-
structure 
Nature 
reserve 
TOTAL non-
agricultural 
3 Cereals (m² / p / year) 644 644           
4 Dairy (m² / p / year) 12,421   12,421         
5 Fruit (m² / p / year) 71 71           
6 Legumes (m² / p / year) 24 24           
7 Red meat (m² / p / year) 72,324 269 72,055         
8 White meat - eggs (m² / p / year)  1,287 1,287           
9 Nuts  (m² / p / year) 73 73           
10 Vegetables (m² / p / year) 163 163           
11 Oil (m² / p / year) 422 422           
12 Sweeteners (& drinks) (m² / p / year) 126 126           
13 Biofuel (m² / p / year) 441 441           
14 Textiles (m² / p / year) 4,122 68 4,055         
15 Timber (m² / p / year) 1,968     1,968       
16 Infrastructure (m² / p / year) 730       730     
17 Reserve land (m² / p / year) 42,279             
18 
TOTAL (excluding Reserve land) 
 m² / p / year 
94,815 3,588 88,530 1,968 730     
19 
TOTAL (excluding Reserve land) 
 km² / p / year 0.095 0.004 0.089 0.002 0.001 
    
20 Existing land areas km² 7,687,574 305,997 3,639,794 1,914,478 16,298 1,811,007   
21 Proportion existing 100% 4.0% 47.3% 24.9% 0.2% 23.6%   
22 Proportion required 100% 2.9% 71.4% 1.6% 0.6% 23.6%   
23 Adjusted (minus reserve+infrastr) km² 7,687,574 305,997 3,639,794 1,885,531 45,245 1,811,007   
24 Adjusted (minus forestry) km² 7,687,574 305,997 3,639,794 121,944 45,245 1,811,007 1,763,587 
25 
Adjstd proportions (minus 
reserve+infrastr+forestry)) 
100% 4.0% 47.3% 1.6% 0.6% 23.6% 22.9% 
26 Adjusted proportions (incl. pasture) 100% 2.0% 49.3% 1.6% 0.6% 23.6% 22.9% 
27 Final proportions 100% 2.0% 49.3% 1.6% 0.6% 23.6% 22.9% 
28 Land usage km² 7,687,574 153,669 3,792,122 121,944 45,245 1,811,007 1,763,587 
29 Carrying capacity population 42,834,167 42,834,167 42,834,167 61,979,070 61,979,070     
30 Land required for carrying cap km² 5,872,343 153,669 3,792,122 84,276 31,269 1,811,007 1,926,552 
31 
Land use difference km² (per 
category) 
1,815,231 152,328 -152,328 1,830,202 -14,971 0 1,815,231 
32 Invert negative land amounts km²        0 14,971 0 14,971 
33 Include positive land amounts km²       1,830,202 0 0 1,830,202 
34 Proportion required       100.0% 0.0% 0.0%  
35 Transferred land km²  -137,357 0 -152,328 14,971 0 0  
36 Excess land km²  1,815,231 0 0 1,815,231 0 0  
37 Excess land % of all land 23.6% 0.0% 0.0% 23.6% 0.0% 0.0%  
38 Current population 22,326,388             
39 
% current population of carrying 
capacity 
52%             
40 Carrying cap with no land-use change  85,294,327  41,113,540  973,048,204 
22,326,027
  
    
Initially, total land areas are tabulated for the broad commodity category 
groupings of cereals, dairy, fruit, legumes, red meat, white meat and eggs, nuts, 
vegetables, oil, sweeteners, biofuel, textiles, timber, infrastructure and reserve land 
(Table 14, rows 3 to 17).  These figures are imported from totals generated in the 
resource database (Table 10, column AB) as land areas per person per week and 
    235 
subsequently multiplied by 52.18 to arrive at a yearly amount.944 The land area 
figures for food are also multiplied by the percentage of total food945 chosen by the 
user which increases or decreases the land requirements. The land area figures are 
arranged in the summary spreadsheet according to the type of land required so crops 
such as cereals appear in the cropping column (cell C3), timber is placed in the non-
agricultural land column (cell E15) and red meat appears in both cropping (for 
cereal-fed pigs) and pasture (for grazed animals such as beef). These per person 
figures are then summed according to resource commodities in column B and land 
types in row 18 (square metres) and converted to square kilometres (in row 19) by 
dividing by one million. 
The process to this point has thus produced figures for each of the five land types 
(cropping, pasture, non-agricultural, infrastructure and nature reserve) for the square 
kilometre land requirements of the population on a per person basis (row 19). These 
figures can now be compared to the land availability for these same land types within 
the region (row 20 – Existing land areas km2). If the model was to assume absolutely 
no changes in land usage (e.g. cropping land would only be used for the growing of 
crops and nothing else), then the subsequent calculations would be reasonably 
straight-forward. The process would merely involve dividing the existing land areas 
(row 20) by the per person requirements (row 19) for each of the land types. For the 
purposes of illustration, this calculation is conducted in row 40. This procedure 
generates different carrying capacity results according to each land type and the final 
carrying capacity figure would then be determined by choosing the smallest of these 
figures. In this case, the infrastructure land type would restrict overall carrying 
capacity to 22,326,027 people because it is the smallest of the generated capacities 
(according to this method). This procedure would be in accord with Liebig’s Law of 
the Minimum946 whereby the greatest constraint would provide the absolute limit to 
carrying capacity. This would be the case because, in order to determine a carrying 
capacity figure, each individual within the carrying capacity population is assumed to 
have access to all the resourced deemed necessary by the model. So, in this example, 
the only way for all members of the population to have enough land for all resources, 
                                                 
944 The agricultural yield data sourced from the ABS Australian Bureau of Statistics, "Agricultural 
Commodities Australia 2009-10." is based on yearly figures so Dashboard modelling reflects this 
timeframe 
945 See Chapter 8.3.2 Food – total food. 
946 For a description of Liebig’s Law see Chapter 7.5 Constraints. 
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is to restrict the total population to that of the infrastructure type, regardless of the 
fact that the amount of cropping land appears to support more than 85 million people. 
The concept of Liebig’s Law was applied to the way in which carrying capacity 
was actually calculated in the Dashboard, but given that in many cases, land-use 
types can be altered, a more complex approach was deemed necessary. It is 
important to note that while land-use types can potentially be changed (on the 
ground) there are generally constraints to the extent of such changes. For instance, 
for the purposes of the model, forestry production is primarily assumed to occur on 
non-agricultural land. However, it is possible that such production could also 
potentially take place on pasture or cropping land, although such land-uses changes 
would obviously take land out of pastoral and cropping production. Consequently, a 
method was adopted for the Dashboard that allows for land-use changes but 
prioritises such changes according to the adaptability of each land-type. The rules by 
which this method developed are as follows: 
1. Cropping land is assumed to be of the best agricultural quality of all land 
types so can potentially be used for all other land-use purposes. 
2. Pasture is assumed to be available for all but cropping uses. 
3. Non-agricultural land is only deemed usable for forestry and infrastructure 
purposes. 
4. Infrastructure land is assumed only to be of infrastructural use. 
5. Nature reserve land is treated slightly differently in the model because its size 
is directly chosen by the user (the Nature reserve parameter asks the user to 
stipulate a percentage of reserve).947 However, in the case where nature 
reserve land is converted to other land uses, it is assumed to have the same 
capabilities as non-agricultural land so can only be used for forestry and 
infrastructure purposes.948 
Rows 21 to 28 (Table 14) are dedicated to the process of land re-allocation in 
accord with both existing land types (row 20), required land areas (row 19) and the 
rules of land-use re-allocation established above. For each of these rows, column B 
                                                 
947 See Chapter 8.3.17 Nature reserve. 
948 An evaluation of this automatic re-allocation of land types is discussed in Chapter 10.1.5 
Constraints where it is also suggested that an improvement to the model would allow users to directly 
choose land type re-allocation.  
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sums columns C to H, whereas, the land re-allocation rules dictate that various 
different formulae are required in the other columns (C to H). The aim of this 
procedure is to optimise the land re-allocations in order to maximise carrying 
capacity. The method chosen to achieve this was through a re-proportioning of land 
types. Consequently, the initial proportions required are calculated in row 22. When 
comparing these percentages to the proportion of existing land uses (row 21) the 
discrepancies between the two sets of figures indicates that some land will need to be 
re-allocated. For example, there is a 47.3 percent proportion of existing pasture land 
(cell D21) but a 71.4 percent proportion requirement (D22). In calculating these land 
requirement percentages, the proportion of nature reserve is directly chosen by the 
user so cell G22 is just a link to this choice (23.6 percent in the example given). The 
remaining land uses must therefore add up to the difference of this figure and 100 
percent. So, in this example, cells C22 to F22 must add up to 76.4 percent. This 
calibration is included in the formula for each of these cells. For example, for 
cropping (cell C22) it states: C19/B19*(1-G22); where C19 is the amount of 
cropping land required per person, B19 is the total amount of land required per 
person and G22 is the proportion of nature reserve required. The resultant proportion 
is thus 2.9 percent.  
The next procedure (row 23) involves testing whether a re-allocation of nature 
reserve and infrastructure land is necessary and then the actual re-allocation from 
other land types. Cells F23 and G23 calculate the amount of land required for each 
land-type. This is achieved by multiplying the existing total land (B20) area by the 
proportion required (cell F23 for infrastructure and cell G23 for nature reserve). The 
next step is to determine if land needs to be transferred from the other land types in 
order to make up any shortfall. Given the rules (above) which indicate that non-
agricultural land has a higher land-use quality than infrastructure and nature reserve 
but a lower priority than pasture and cropping, any reallocated land is to be drawn 
first from non- agricultural land, then pastoral and lastly cropping. Thus, the equation 
for non-agricultural land (forestry usage) in cell E23 is: 
IF((F23+G23)<(F20+G20),E20+(F20+G20)-(F23+G23),IF(E20+(F20+G20)-
(F23+G23)<0,0,E20+(F20+G20)-(F23+G23)));where: 
F23 is the infrastructure land area requirement; 
G23 is the nature reserve land area requirement; 
F20 is the infrastructure existing land; 
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G20 is the nature reserve existing land; 
E20 is the non-agricultural existing land. 
This formula states that if the sum of the infrastructure and reserve land area 
requirements is smaller than the available land for these purposes, then there will be 
no need to take land away from other purposes and return the sum of the non-
agricultural land plus the land left over from infrastructure and reserve. However, if 
the sum of non-agriculture, infrastructure and reserve land is smaller than the 
requirements for infrastructure and reserve, then return zero (because it will mean 
that all such land is being fully utilised); or else, return the difference between the 
existing land requirements for these three land types and the land requirements for 
infrastructure and reserve. This equation thus accommodates the possibility of an 
over-supply of non-agricultural / infrastructure / reserve land, an under-supply and 
partial supply. In the case of the example given (Table 14), the equation complies 
with the third option of partial supply so the resultant amount of 1,885,531 (cell E23) 
is the difference between the existing and required amounts. 
Once it is established whether there is sufficient non-agricultural land in cell E23, 
it is then possible to determine whether land needs to be transferred from pastoral use 
to make up any shortfall. This equation can be found in cell D23 as follows: 
IF(E23>0,D20,IF(D20+E20+(F20+G20)-(F23+G23)<0,0,D20+E20+ 
(F20+G20)-(F23+G23))); where: 
E23 is the adjusted non-agricultural amount (previous equation); 
D20 is pasture existing land; 
E20, F20 and G20 are explained above (as existing land). 
The first if statement simply returns the existing pasture amount if there is no 
shortfall in the non-agricultural land-use type (shown in the previous equation). This 
case of no change in pasture land is reflected in the example given (Table 14) where 
the figure is 3,639,794 (D23). However, the second conditional statement in this 
equation states that if the pastoral, non-agricultural, infrastructure and nature reserve 
existing land areas is smaller than the required land amounts for non-agricultural, 
infrastructure and nature reserve, then there will be no spare pasture land left, so 
return a zero result. The third alternative, in the event that some pastoral land is 
required but not all, then the equation calculates how much pastoral land would be 
left. 
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Another similar equation to cell D23 occurs in cell C23 but instead of adjusting 
the pastoral land, it adjusts the amount of cropping land. It is comparable to the 
pastoral equation (cell D23) in that it calculates how much land might need to be 
transferred from cropping land to the non-agricultural land type, and returns the 
amount of cropping land left after such an event. The formula for C23 is: 
IF(D23>0,C20,IF(C20+D20+E20+(F20+G20)-(F23+G23)<0,0,C20+D20+ 
E20+(F20+G20)-(F23+G23))). 
Row 23 established a re-apportionment of land areas on the basis of land 
requirements for the infrastructure and nature reserve land types. Row 24 then 
performs a similar function for the re-allocation of non-agricultural land with this 
land type being used to produce forestry products (according to Dashboard 
modelling). A new column is created in this row to accommodate the non-
agricultural land not required for forestry given that it is possible to create a surplus 
in this land type.949 Thus, cell H24 (shown as 1,763,587) is calculated as cell E23 (the 
amount of non-agricultural land left after a re-allocation of some to infrastructure and 
nature reserve purposes) minus cell E24 (the anticipated amount of land required for 
forestry production). 
The equation in cell D24 then tests whether land needs to be transferred from 
pasture to forestry. It is stated as: 
IF(H24>0,D23,IF(D23+E23-E24<0,0,D23+E23-E24)); where: 
H24 is remaining non-agricultural land; 
D23 is the amount of pastoral land left after any re-allocation to 
infrastructure and nature reserve land types; 
E23 is the amount of non-agricultural land left after any re-allocation to 
infrastructure and nature reserve land types; 
E24 is the amount of non-agricultural land required for forestry uses. 
Thus, the first conditional statement in this equation (i.e. if H24>0,D23) states that 
if there is still non-agricultural land left after previous re-allocations then there will 
be no need to transfer any pastoral land towards that purpose so the pastoral land 
amount should remain unchanged. However, the second conditional statement in this 
equation states that if there is neither pastoral nor non-agricultural land left after an 
allocation of forestry production, then return a zero value for pasture (as there will be 
                                                 
949 This surplus is a form of excess land which is dealt with later in this chapter. 
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no pastoral land left). The third conditional statement determines the remaining 
pastoral land if only some has been re-allocated to forestry. 
The method for the possible re-allocation of cropping land for forestry production 
also follows a similar approach. The example given in Table 14 shows that no 
cropping land (cell C24) and no pasture land (cell D24) needs to be re-allocated to 
forestry purposes as they both remain unchanged from the previous row (23). 
To this point in the modelling procedure (row 24), the re-apportionment of land 
for non-agricultural, infrastructure and nature reserve purposes has been established. 
The required proportions previously stated in row 22 can now be updated to reflect 
modelling adjustment. Thus, in row 25, the total amount of land available (cell B20) 
is divided by the adjusted land area amounts, all of which add up to 100 percent (cell 
B25).  
A re-apportionment of pastoral land is also still required and this occurs in row 
26. While the proportions for non-agricultural, infrastructure and nature reserve land 
types are just transferred from the row above (25), the formula for pasture land is: 
IF(D22=0,0,D22/(C22+D22)*(1-SUM(E26:H26))); where: 
D22 is the previous pastoral land proportion requirements; 
C22 is the previous cropping land proportion requirements; 
E26:H26 is a sum of the adjusted land proportional requirements for all 
other land types (forestry, infrastructure, reserve and non-agricultural). 
Thus, the equation states that unless returning a zero amount, the pastoral 
proportion is to be calculated as a continuation of the proportion of pasture to 
cropping land previously established in row 22 (before any adjustments were made) 
and this amount is to make up the difference remaining after the other land 
allocations (forestry, infrastructure, reserve and non-agricultural) have been made. A 
similar equation is used in cell C26 for cropping land which maintains the 
proportions previously established for cropping and pasture land. This partial land re-
allocation method is thus slightly different than the approach used for the other land 
types. It was adopted here as it is a simpler equation, but was found only to work 
when two types of land-use remained (in this case, cropping and pasture land). These 
land-usage re-allocation calculations culminate in new proportions for each land use 
type which appear in row 27. The next step is to multiply these proportions by the 
total land available (B20) to arrive at new land use areas (row 28). Then, in order to 
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derive a population carrying capacity, these land use areas are divided by the 
amounts of land required per person (row 19). It is possible to use Liebig’s Law 
again in this case and just choose the smallest carrying capacity figure from all land-
use types. However, given that all previous calculations dictate that any excess 
cropping land will be used for other functions, and that all cropping land has been 
utilised, it can now be assumed that cropping land will always be equal to or smaller 
than all other carrying capacities (according to land-use type) anyway. The example 
given in Table 14 highlights this occurrence as the cropping land capacity is 
42,834,167 (cell C29) which is the same as that of pasture land and smaller than the 
figures for non-agricultural and infrastructure land. Row 30 then restates the land 
requirements for each land-use type based in this carrying capacity by multiplying 
the per person requirements (row 19) by the population carrying capacity (cell B29). 
The final Dashboard calculation involves determining the proportion of the 
current population to the carrying capacity population so the former (cell B37) is 
divided by the later (cell B28) and this result (52 percent in this case) appears in the 
online Dashboard interface. 
8.6.5 Outputs – excess land 
The last section of the summary calculations determines the excess land according 
to land-use types (rows 31 to 37). This process begins with a comparison of the 
existing land areas with the carrying capacity land areas. For example, in the 
cropping land column (C), the carrying capacity area of 153,669 square kilometres 
(cell C30) is taken away from the existing area of 305,997 (cell C20) to return 
152,328 square kilometres (cell C31). According to this equation, a negative amount 
in any of the land types means that the original existing land area was insufficient 
and land has been drawn from other land types, while positive figures show from 
where that transferred land came. For instance, in the example given, a shortfall of 
152,328 square kilometres of pasture land is shown (cell D31). The total sum of both 
positive and negative figures (cell B31) indicates the total amount of land which is 
excess to requirements. This process shows which land types have required re-
allocation and a total excess amount, but does not yet indicate the amount of excess 
land according to land type.  
The following six rows calculate the excess land in each land type. First, negative 
figures are inverted (row 32) and positive figures brought forward (row 33). This is 
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necessary in recalculating the non-agricultural excess land given that previous 
processes broke this category up into forestry (column E) and other total non-
agricultural land (column H). Row 34, re-apportions the land-use differences 
(established in row 31) for non-agricultural land, infrastructure, and nature reserve 
land types by dividing the total of these three categories (H33) by each land type area 
(E33 to G33). Based on these figures the total amount of land transferred from or to 
each category can be established by multiplying the proportion of total non-
agricultural land transferred by the proportions established in row 34. Then the 
excess land areas are calculated with the following equation (in this example, for 
non-agricultural land in cell E36): 
E20-E30-E35 where: 
E20 is the amount of existing non-agricultural land; 
E30 is the amount of non-agricultural land required for carrying capacity; 
E35 is the amount of transferred non-agricultural land; 
 In this equation, an excess land area is established by deducting the non-
agricultural transferred amount and the land utilised for forestry (under population 
carrying capacity) from the original existing amount of available non-agricultural 
land. 
Excess amounts are then proportioned as a percentage of all land in the region so 
that these excess figures can be incorporated into the Dashboard pie-chart showing 
total land use. In the example here (Table 14), the only excess land is non-
agricultural and amounts to 23.6 percent of the entire land mass (cell E37). 
8.6.6 Outputs – land areas 
Once the carrying capacity figure has been determined (Table 14, cell B28), it is 
possible to calculate the amount of land required for the production of each of the 
resource commodity categories (Table 15). This is achieved by multiplying the 
carrying capacity (B28) by the per person land requirements (Table 14, cells B2 to 
B18). These figures were originally given in square metres so are also divided by one 
million in order to arrive at a square kilometre figure. The results of these 
calculations are shown in Table 15 (column B). For example, cereal production for 
the carrying capacity population is estimated to require 27,570 square kilometres 
(cell B4). The Dashboard also generates pie-charts for these land area amounts (see 
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figures 35 and 36) both for the total areas required and also just for the food 
component. The proportions used to inform the pie-charts are shown in columns C 
(Total area) and D (Food area). The total area percentages are derived by dividing the 
total amount of existing land within the region (Table 14, cell B20) by the land 
requirements for each resource. For instance, in the example provided (Table 15), the 
amount of land required for textile production is 176,578 square kilometres (cell 
B15). When divided into the total land area of 7,687,574 square kilometres, a 
proportion of 2.3 percent is determined (cell C15). The second Dashboard pie-chart 
illustrates just the proportions of food categories within the total amount of land 
required for food. Consequently, this is calculated by dividing the total food area 
(cell B3) by the area required for each category. For instance, in the case of dairy, 
3,750,345 (cell B3) is divided by 532,044 (cell B5) to arrive at a figure of 14.2 
percent. 
Table 15. Example of summary calculations (under Australian short-term default settings) for total 
land area requirements. 
 
 A B C D 
1 RESOURCE Total area Total area Food area 
2  
km² / popn / 
year 
 % % 
3 Food TOTAL 3,750,345 48.8% 100% 
4 Cereals 27,570 0.4% 0.7% 
5 Dairy 532,044 6.9% 14.2% 
6 Fruit 3,050 0.0% 0.1% 
7 Legume 1,019 0.0% 0.0% 
8 Red meat 3,097,932 40.3% 82.6% 
9 White meat, eggs etc. 55,128 0.7% 1.5% 
10 Nuts 3,140 0.0% 0.1% 
11 Vegetables 6,986 0.1% 0.2% 
12 Oil 18,056 0.2% 0.5% 
13 Sweeteners (& drinks) 5,418 0.1% 0.1% 
14 Biofuel 18,869 0.2%  
15 Textiles 176,578 2.3%  
16 Timber 84,276 1.1%  
17 Infrastructure 31,269 0.4%  
18 Reserve land 1,811,007 23.6%  
19 TOTAL m² / p / year 5,872,343 76.4%  
8.7 Components absent from model 
One of the aims of this research is to create a model incorporating basic human 
resources essential for a population’s physical survival including food, water, shelter 
and energy.950 As Wackernagel951 argues, ecological models such as carrying capacity 
assessments, “should not include all aspects of the ecosphere functioning, but only 
                                                 
950 See Chapter 7.5 Constraints. 
951 Wackernagel, "Ecological Footprint and Appropriated Carrying Capacity: A Tool for Planning 
toward Sustainability"., 99 
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the essential and critical ones.” To this end, the Dashboard has addressed each of 
these critical aspects. However, some resourcing needs have been given less 
emphasis; some have been incorporated into groupings which may obscure their 
relevance; while other resources have been omitted altogether. 
One significant food resource absent from the Dashboard modelling is wild-
caught seafood. Currently, all seafood included in the modelled population’s diet is 
derived from farmed fish-stocks. This approach is reasonable for land-locked areas 
without access to marine resources. However, despite evidence of global marine fish-
stocks declining,952 they are a renewable resource which coastal regions, in particular, 
could be expected to continue harvesting long-term, even if this is at lower levels 
than currently achieved. Consequently, a more detailed and comprehensive carrying 
capacity model might expand the boundary of coastal regions to also include a 
certain amount of marine area from which seafood could be harvested. Interestingly, 
when Wackernagel released the first Ecological Footprint analysis, it did not include 
wild-caught seafood and he states that this omission did not weaken his analysis.953 
However, in subsequent revisions, this aspect was included.954 It should be noted that 
given the global focus of the productive-base of Wackernagel’s approach, the 
omission of marine-based seafood is more significant for Ecological Footprint 
analysis than for the Dashboard because it only affects the regions with access to the 
ocean.  
Another omission from the Dashboard is energy sources other than liquid fuel and 
firewood such as solar photo-voltaics, wind and geothermal. The reasons for this 
omission include the difficulty of accurately calculating the energy they may 
generate long-term in the absence of accompanying fossil-fuel energy as well as the 
potential for these energy sources to be used in tandem with other land-uses such as 
wind turbines over grazing land.955 However, it is envisaged that with further 
research, these difficulties may be overcome and other sources of energy may be 
incorporated into Dashboard modelling in future. 
                                                 
952 Dilworth, Too Smart for Our Own Good: The Ecological Predicament of Humankind., 366 
953 Wackernagel, "Ecological Footprint and Appropriated Carrying Capacity: A Tool for Planning 
toward Sustainability"., 99 
954 Wackernagel et al., "National Footprint and Biocapacity Account 2005: The Underlying 
Calculation Method.", 22 
955 These aspects are explored more fully in Chapter 7.5.4 Energy. 
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Feedback from users956 of the Dashboard indicates that some aspects, such as 
water, environmental impacts and mineral resources, are not immediately obvious in 
their incorporation into the modelling. This comes about because these aspects are 
implicitly, rather than explicitly, included. For example, rainfall and personal water 
consumption are not offered as Dashboard parameters, but rather, are embedded in 
food yield figures, infrastructure land-use and the irrigation parameter.957 Likewise 
the land requirements for mineral extraction are not offered as a separate parameter 
but instead are included in infrastructure requirements. Lastly, the provision of nature 
reserve is the main way that the assimilation of environmental impacts are 
incorporated into Dashboard modelling, but this function is only implicitly included. 
In order for a more overt approach, further research would need to identify the direct 
land requirements to maintain effective ecosystem services in a localised manner.958 
Another omission from Dashboard modelling highlighted by user feedback is that 
of alternate agricultural production systems other than conventional farming and 
organics. For instance, multi-cropping systems such as permaculture were offered as 
an option in Fairlie’s959 carrying capacity model. However, Fairlie himself describes 
his calculation relating to the permacultural closed-loop nitrogen cycle as, 
complicated and broad-brush.960 Whereas organic production was incorporated into 
Dashboard modelling by comparing conventional and organic yields, Brown961 points 
out that such comparisons are more difficult between intercrop and monoculture 
approaches because the total long-term yield over the whole system needs to be taken 
into consideration. Unfortunately, little research appears to have been done on the 
productivity of such systems in both Australia and overseas so for the time being, 
these alternate agricultural systems have been left out of Dashboard modelling. 
8.8 Projections 
The wealth of data generated by the Dashboard means that output offered to users 
could potentially be quite extensive. However, one of the aims of the online model 
                                                 
956 See Chapter 10.2 User feedback 
957 For more discussion on how water is incorporated into Dashboard modelling refer to Chapter 7.5.2 
Water. 
958 Refer to Chapter 8.3.17 Nature reserve. 
959 Fairlie, "Can Britain Feed Itself?." 
960 Ibid., 26 
961 Brown, Feed or Feedback: Agriculture, Population Dynamics and the State of the Planet., 268 
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was for it to be easily interpreted by a wide audience962 so the carrying capacity 
projections have been limited to two forms: the population capacity number (along 
with an estimation of the degree to which the current population is either over of 
under capacity) and pie-charts showing land requirements according to the choices 
that the user has made. The land requirements are given in categories aligning with 
Dashboard resource-use parameters (food, biofuel, textiles, timber, infrastructure and 
nature reserve) as well as an indication of excess land from the land-use categories 
(pasture, non-agricultural, infrastructure, nature reserve). Given the importance of 
food consumption to overall land usage, the Dashboard also offers a second pie-chart 
with further detail on land requirements just for food. The categories displayed here 
include red meat, white meat, dairy, cereals, vegetables, fruit, legumes, nuts and 
seeds, oils and sweeteners (Figures 36 and 37). 
8.9 Platforms of usage 
The online Dashboard interface was created with the HTML5 and JavaScript 
technologies. The graphical user interface (frontend) communicates the input and 
output of the calculations with the backend server via AJAX technology. The 
calculation itself is performed at the backend using the model Excel file. The 
backend is implemented using Java Servlet technology. The backend program use an 
open source library, Apache POI963 to open the Excel file, manipulate the cells, and 
read the calculation results back to be passed to the frontend.964 
The Carrying Capacity Dashboard was released publicly online on March 23, 
2012 (Figure 36) with an updated interface released on August 10, 2012 (Figure 37). 
Both versions contained the same information and parameters but with slightly 
differing arrangements of the components on the screen. The second release 
improved visual appeal by simplifying the interface layout. A further interface design 
was proposed for inclusion in the Science and Engineering building’s Cube project 
which was to concentrate more on its interactive educative potential but as of yet, 
this has not come to pass (Figure 38). 
 
                                                 
962 Refer to Chapter 7.8 Usability. 
963 http://poi.apache.org/ 
964 This description of the processes used in developing the interface was provided by QUT staff. It is 
included to give readers a general overview rather than a detailed description. Further detail to this 
section was considered to be outside the scope of this research. 
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Figure 36. First release of the Carrying Capacity Dashboard 
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Figure 37. Second release of the Carrying Capacity Dashboard with improved interface. 
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Figure 38. Initial sketch of Dashboard interface for Cube project (image by Sherwin Huang) 
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9. Carrying capacity assessment output 
The Carrying Capacity Dashboard offers users the ability to manipulate 17 resource-
usage parameters and five land-use types against 60 different Australian regions so 
the potential to generate a variety of outcomes is considerable as any combination of 
these variables can produce a different result. An explanation of how each of these 
parameters was developed and the assumptions inherant in their adoption has been 
given in Chapter 8. Chapter 9 examines some of the impacts that these variables may 
have on carrying capacity output within the Dashboard model. 
9.1 Comparison by resource-use parameter  
The Dashboard effectively translates human resource requirements into land-usage 
areas. Each of the 17 resource-usage parameters affects the population carrying 
capacity differently and the examples given below give just a snapshot of their 
impact. In these examples, short-term carrying capacity default parameters965 have 
been chosen as the baseline scenario against which each parameter is individually 
tested. So, in each case, the baseline parameters remain unchanged while the 
parameter being tested is adjusted from the lowest to highest measurement and the 
resultant carrying capacity output is recorded and graphed.  
9.1.1 Climate variability 
In accord with the findings conducted on long-term crop yields in Australia,966 the 
aspect of weather variability has a pronounced effect on carrying capacity. When 
applied to Australia as a whole (Figure 39), there is a 64 percent reduction evident 
between the one year and 150 year results. All regions show a pronounced decline in 
yield over an initial twenty year period, followed by a less dramatic though 
nonetheless continued downward trend. Victorian regions show the most pronounced 
decline in yield due to weather variability while the results for Tasmania indicate the 
least decline over the 150 year period. 
                                                 
965 For a summary of these parameters, see Chapter 8 (Table 7). 
966 See figure 40 in Chapter 8. 
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Figure 39. Carrying capacity of Australia based on short-term default parameters and a range of 1 to 
150 years in the climate variability parameter. 
The angular change in the graph from year 20 is a result of the way in which the initial data was 
compiled. In reality, this inflection point should be more curved to reflect a slightly more gradual 
change. 
9.1.2 Food - total food 
The difference between the production of one percent and 500 percent of a 
population’s food resources is always likely to have a dramatic effect on carrying 
capacity and the Dashboard reflects this outcome. For Australia (Figure 40), the 
production of only one percent of food results in a carrying capacity of more than 
500 million people while production of 500 percent shows that less than nine million 
people can be supported. The graph for this parameter indicates an exponential 
relationship between carrying capacity and percentage of food production with 
amounts less than about 50 percent causing carrying capacity to increase sharply. 
The Dashboard also shows that at present, Australia could produce 185 percent of its 
food, indicating that almost half of the food it produces could be, and is in fact, 
exported.967 
                                                 
967 See Chapter 10.1.7 Credible data. 
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Figure 40. Carrying capacity of Australia based on short-term default parameters and a range of 1% 
to 500% production in the percentage of food parameter. 
9.1.3 Food - meat and eggs 
The Dashboard parameter entitled meat-eggs essentially adjusts dietary protein with 
the highest choice, 15 percent, indicating a high degree of animal-sourced protein 
while zero percent reflecting a vegan diet. Other significant points within this range 
include the 1.5 percent parameter reflecting an ovo-vegetarian diet (no meat or dairy 
but including eggs), the 2.5 percent parameter reflecting an ovo-lacto vegetarian diet 
(no meat but including eggs and dairy), the 7.5 percent parameter reflecting a healthy 
meat diet968 and 13 percent being current consumption levels. Generally, results from 
the Dashboard show that diets with less meat require less land. However, there are 
exceptions to this trend. 
For Australia’s short-term carrying capacity (Figure 41), the 15 percent choice 
results in a carrying capacity of just over 39 million people while the vegan diet 
results in a capacity of 80 million people. However, rather than a gradually declining 
trend between these two capacities, the graph for this parameter shows an uneven 
transition. For instance, between zero and 1.5 percent, there is a decline in carrying 
capacity; then an incline between 1.5 and 2.5; followed by a steeper decline until the 
7.5 percent mark; and finally a more gradual decline until 15 percent meat-eggs. This 
variability is largely the result of the way that the meat-egg diets were configured in 
                                                 
968 According to Byron et al., "A New Food Guidance System for Australia – Foundation and Total 
Diets. Revised Draft Report for Public Consultation.". 
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the model. As described previously,969 at the core of the vegetarian (2.5 percent meat-
eggs) and healthy (7.5 percent meat-eggs) diets are the recommended serving 
amounts published by the National Health and Medical Research Council.970 These 
fixed points (2.5 percent and 7.5 percent) together with the current diet (13 percent) 
serve as the anchor points for the meat-eggs scale but in order to provide balanced 
diets, some components of the diet were incorporated in a non-linear manner. For 
example, legumes are about three times higher in a zero percent diet than a three 
percent diet because they are needed in larger amounts for vegan diets (0 percent 
meat-eggs) but vegetarian diets (2.5 percent) are able to make up an adequate amount 
of dietary protein through eggs and dairy products (as well as legumes). It is for this 
reason that the fluctuation in the carrying capacity curve occurs for the meat-eggs 
diet. The dramatic change in legumes accounts for the anomaly between the 1.5 
percent and 2.5 percent diets and the amount of meat in the diets less than 7.5 percent 
compared to those greater than 7.5 percent accounts for the obvious change at the 7.5 
percent mark. 
 
Figure 41. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 15% in the meat-eggs parameter. 
The anchor points in the diet spectrum are also indicated as Vegetarian diet (2.5%), Healthy meat 
diet (7.5%) and Current diet (13%). 
While a decrease in carrying capacity is generally observed as the meat-egg 
component increases in the population’s diet, there are cases to the contrary. For 
example, in areas where the short-term default parameters leave significant excess 
pasture land, such as South-east Queensland (Figure 42), carrying capacity actually 
increases with higher meat consumption if it reduces the demands on cropping land. 
                                                 
969 Refer to Chapter 8. 
970 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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For South-east Queensland this situation is evident in the meat-egg diet range 
between 7.5 percent and 15 percent. In this instance, the 7.5 percent diet marks the 
point at which the carrying capacity is lowest. This inflection point is largely the 
result of the oil and fat component in the diet being highest for the 7.5 percent diet. 
This instance could be considered an anomaly as there seems no real reason for the 
7.5 percent diet to contain more oil than other diets but is merely a result of adapting 
diets not specifically developed for carrying capacity modelling. However, while the 
reason for the inflection point in this example is rather weak, there is still likely to be 
a point at which cropping land reaches a maximum in whatever diet is developed and 
this will then form the low-point for carrying capacity when cropping land is the 
limiting factor within the model (as is the case in the South-east Queensland example 
where there is excess pasture land).  
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Figure 42. Carrying capacity of South-east Queensland based on short-term default parameters and a 
range of 0% to 15% in the meat-eggs parameter showing carrying capacity increasing from the 7.5% 
meat-eggs mark. 
9.1.4 Food - red meat 
While the previous parameter (Food - meat and eggs) determines the amount of meat 
in the diet, this parameter adjusts the proportion of red and white meat. When 
Dashboard users decrease the red meat percentage, this parameter reduces the 
amount of red meat in the population’s diet, substituting it for white meat (and eggs). 
Generally, this parameter transfers the demands on pasture land for red meat animals 
such cattle and sheep to that of cropping land required for the production of grain for 
chickens and farmed fish. While the red meat animals generally require more land 
for meat production than white meat animals the resultant carrying capacity is also 
    255 
dependent on the availability of either cropping or pasture land. For example, 
Australia’s carrying capacity (Figure 43) increases for diets between zero and 40 
percent but then decreases for diets with a higher proportion of red meat than 40 
percent. The reason for this inflection point is the fact that for diets with more than 
40 percent red meat, there is no excess pasture land so the model apportions some of 
the cropping land to the grazing of animals, thus reducing the amount of other food 
production such as cereals. However, once the red meat component decreases beyond 
40 percent, an excess of pasture land develops which, according to the model, is 
unproductive, or alternatively could consist of an excess of food that could be 
exported to other areas (but without increasing the carrying capacity of Australia, in 
this case).  Consequently, if the Australian population wished to maximise its 
carrying capacity under these circumstances, according to this graph (Figure 43), it 
would choose a red meat component of 40 percent in their diet. For the purposes of 
this analysis, it is assumed that much of Australia’s land under pasture is unsuitable 
for the growing of crops. However, if some of the agricultural land currently used for 
pasture can be converted to cropping land, carrying capacity could be increased 
beyond the maximum levels indicated by this graph.971 
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Figure 43. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the red meat parameter. 
In the instances where there is an excess of pasture land across the entire red meat 
diet spectrum (from zero to 100 percent), the carrying capacity actually increases as 
red meat consumption increases because pasture land which the model assumes to be 
previously unutilised, becomes productively employed. This increase in carrying 
capacity occurs despite the raising of cattle and sheep generally taking more land 
                                                 
971 Also refer Chapter 9.3.5 for analysis of excess land and also to Chapter 9.5 (Comparison by 
timeframe and land-use) for further analysis of possible conversion of pasture land to cropping land. 
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than the production of grain for chicken and fish. South-east Queensland (Figure 44) 
provides one such example of this occurrence. 
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Figure 44. Carrying capacity of South-east Queensland based on short-term default parameters and a 
range of 0% to 100% in the red meat parameter. 
9.1.5 Food - activity levels 
Activity levels have a distinct effect on carrying capacity outcomes in the Dashboard 
(Figure 45). For instance, in Australia, under the short-term default parameters the 
carrying capacity is about 40 million people for a sedentary lifestyle (setting 1) and 
decreases to 31 million for a level of moderate activity (setting 2) and to less than 27 
million for a lifestyle with high levels of physical activity (setting 3). This change in 
carrying capacities is generally in line with the equivalent change in kilojoules 
demands across the activity level range, with moderate activity requiring about 30 
percent more kilojoules and an active lifestyle, about 50 percent more kilojoules.  
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Figure 45. Carrying capacity of Australia based on short-term default parameters and a range of 1 to 
3 in the activity parameter. 
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9.1.6 Food - avoidable waste 
The avoidable waste parameter has a significant impact on carrying capacity. For 
instance, in Australia (Figure 46), under the short-term default parameters the 
carrying capacity for 20 percent waste is almost twice that of zero percent waste.972 
This output for Australia, together with all other regions, will always graph in a 
descending manner from zero percent to 20 percent because the relationship between 
wastage and food utilisation is a linear one. However, the degree of decline will vary 
across diets and, to a lesser extent, regions because the wastage impacts differ in the 
model from one foodstuff to the next, and the foods produced in each region can vary 
due to climatic conditions. 
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Figure 46. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 20% in the avoidable waste parameter. 
9.1.7 Food - recycling 
This parameter reduces the land requirements of meat by replacing the production of 
grain for chickens, pigs and farmed-fish with the wastage from human food production. 
In some instances, the introduction of this parameter dramatically increases carrying 
capacity. For instance, in Australia (Figure 47), under short-term defaults parameters 
with a completely white meat diet, the carrying capacity increases from 44 million to 
over 100 million people. Interestingly, however, in this example, if the diet is in 
accordance with current consumption with a 64 percent red meat component, the 
carrying capacity barely changes regardless of the level of recycling. The reason for this 
                                                 
972 As per Chapter 8.3.6, the Avoidable waste parameter is cumulative across a number of wastage 
types (eg. inedible portions, consumer, retail) which accounts for why small adjustments in this 
parameter can have significant impacts on carrying capacity. 
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discrepancy is the threshold of excess pasture land that develops when more than about 
40 percent red meat is selected.973 Consequently, for diets with more than a 40 percent 
red meat component, the recycling parameter has little impact, but as the red meat 
percent decreases below this level, the impact of recycling increases.  
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Figure 47. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the recycling parameter together with a variety of red meat diets from 0% to 64%. 
9.1.8 Food - organic farming 
The organic parameter imparts moderate impacts on carrying capacity results with a 
20 percent difference between the zero percent and 100 percent parameters for 
Australia (Figure 48). This linear progression is consistent across diets and regions. 
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Figure 48. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the organic parameter. 
                                                 
973 Refer to Chapter 9.1.4 Food - percentage of red and white meat for further details on this 40% 
threshold. 
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9.1.9 Food - irrigation 
The level of irrigation has a distinct impact on carrying capacity. For instance, in 
Australia (Figure 49), under short-term default parameters, there is a 35 percent 
increase in capacity between the lowest and highest options. According to the model, 
this linear relationship between irrigation and carrying capacity merely reflects the 
fact974 that better control of the water supply in agricultural production generally 
leads to improved crop yields. The limited manner in which irrigation was 
incorporated into Dashboard modelling975 meant that the irrigation parameter has a 
similar effect on each of Australia’s states and regions. The same trajectory is 
evident as in Figure 49, but the degree of change across the full range (0 percent to 
100 percent) differs depending on how much existing irrigation exists in that 
location. 
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Figure 49. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the irrigation parameter. 
9.1.10 Fuel - all liquid fuel 
The difference in Australian carrying capacity (Figure 50) between zero and three 
thousand litres per person in the liquid fuel consumption parameter is deceptively 
small, reducing by less than one percent. However, this minimal impact is only a 
result of the small amount of biofuel in the biofuel parameter,976 set at only 0.53 
percent of all liquid fuel usage. Once this parameter is increased, the difference 
between the zero and three thousand litre parameters is more pronounced. For 
example, if the biofuel amount is increased to 10 percent (Figure 51), the difference 
                                                 
974 Refer to Chapter 8.3.9 for further details on the impact of irrigation on crop yields. 
975 As per Chapter 8.3.9, a consistant increase of 55% between no irrigation and full irrigation was 
applied to all locations and scales. 
976 See Chapter 9.1.10. 
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between the zero and three thousand litre parameters is 41 million to 21 million 
people.977 
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Figure 50. Carrying capacity of Australia based on short-term default parameters and a range of 0 to 
3000 litres in the liquid fuel parameter. 
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Figure 51. Carrying capacity of Australia based on short-term default parameters with 10% biofuel 
and a range of 0 to 3000 litres in the liquid fuel parameter. 
9.1.11 Fuel - biofuel 
The percentage of biofuel has a dramatic impact on carrying capacity. For instance, 
in Australia (Figure 52), the carrying capacity reduces from about 41 million to three 
million people as the biofuel amount increases from zero percent to 100 percent. The 
reason for this increase is the assumption in the modelling that all liquid fuel usage is 
made up of a combination of biofuel and petroleum so zero percent biofuel implies 
complete petroleum usage and vice versa. In this case, petroleum is assumed not to 
affect carrying capacity because the amount of productive land required in its 
                                                 
977 It is important to note that this configuration of the Dashboard modelling is examining only the 
primary impact of fuel consumption on land usage and does not consider the likely systemic impacts 
that such alterations in fuel usage may impart, such as the ability of the agricultural system to operate 
effectively. 
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production is negligible while biofuel requires vast amounts of cropping land, thus 
reducing carrying capacity. As evident in the graph (Figure 52), the relationship 
between the biofuel amount and population is an exponential one with the greatest 
reduction in carrying capacity occurring between zero and twenty percent. 
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Figure 52. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the biofuel parameter. 
9.1.12 Textiles - all textiles 
Textile utilisation has a minimal effect on carrying capacity under most 
circumstances. For example, in Australia (Figure 53), with short-term default 
parameters, the carrying capacity decreases only by six percent (in a linear manner) 
when consumption is reduced from zero kilograms per person to 30 kilograms. Thus, 
compared to biofuel and food production, a population’s textile usage is likely to 
have little impact on carrying capacity.  
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Figure 53. Carrying capacity of Australia based on short-term default parameters and a range of 0 to 
30 kilograms in the textile parameter. 
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9.1.13 Textiles - natural fibre 
This parameter stipulates the amount of natural fibre in comparison to artificial fibre. 
Given that artificial fibre effectively requires no productive land, it has no impact on 
carrying capacity. So, not surprisingly, zero natural fibre influences overall 
population carrying capacity less than the 100 percent setting. Similar to the 
parameter testing the consumption of all textiles, the percentage of natural fibre also 
has minimal impact on carrying capacity under most circumstances including an 
analysis of Australia (Figure 54). 
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Figure 54. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the natural fibre parameter. 
9.1.14 Textiles - wool fibre 
This parameter allows users to choose the proportion of wool fibre compared to 
cotton fibre (together they make up the natural fibre component) which in land-use 
terms, equates to the use of either pasture land or cropping land. While the overall 
impact on population carrying capacity is not normally great, the type of impact 
(increasing or decreasing) differs between regions and circumstances. For example, 
in Australia, under short-term default parameters (Figure 55), the carrying capacity 
trend is downward as the wool fibre percentage increases while in South-east 
Queensland, the carrying capacity increases as the wool percentage increases (Figure 
56). The reason for this difference is the existence of excess pasture land in South-
east Queensland under these parameters while Australia has no excess land for 
pasture. Producing wool fibre increases the demand on pasture land, so when there is 
no excess, such as in Australia, land needs to be taken away from food production (or 
other productive uses) in order to increase wool. However, in South-east Queensland, 
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the excess pasture land means that decreasing cotton production actually increases 
carrying capacity. 
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Figure 55. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the wool fibre parameter. 
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Figure 56. Carrying capacity of South-east Queensland based on short-term default parameters and a 
range of 0% to 100% in the wool fibre parameter. 
9.1.15 Timber 
In the Dashboard modelling, timber production is assumed to occur on non-
agricultural land. Consequently, if there is an excess of non-agricultural land in the 
chosen region, timber consumption will have no impact. However, once all non-
agricultural land is brought into production, the model assumes that the next best 
quality of land will be utilised, that of pasture. This will then begin to limit carrying 
capacity as it will take land away from other uses such as food production. This 
scenario is evident in the Australian carrying capacity graph (Figure 57) for timber 
consumption where impacts are only felt once consumption reaches eight cubic 
metres per person as it is at this point that excess non-agricultural land runs out. 
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Figure 57. Carrying capacity of Australia based on short-term default parameters and a range of 0 to 
10 cubic metres in the timber parameter. 
9.1.16 Infrastructure 
As per timber consumption, infrastructural requirements are assumed to occur on 
non- agricultural land.978 Consequently, no carrying capacity impact occurs until the 
excess non-agricultural land is utilised. Given that the parameter range offered by the 
Dashboard of zero to 2000 square metres rarely uses up all non-agricultural land in 
most regions, this parameter, as it currently appears in the Dashboard, has no impact 
and this is reflected in the graph for Australia (Figure 58). 
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Figure 58. Carrying capacity of Australia based on short-term default parameters and a range of 0 to 
2000 square metres in the infrastructure parameter. 
 
 
                                                 
978 It is acknowledged that infrastructural requirements may not always be built on non-agricultural 
land and some recommendations are made in chapter 10.2 for how this anomaly may be addressed. 
    265 
9.1.17 Nature reserve 
By default, the Dashboard first uses non-agricultural land, then pasture land, then 
cropping land for conversion to nature reserve. Consequently, choices in the amount 
of nature reserve in any region have a dramatic impact on carrying capacity only 
once all excess land is already used. For example, for Australia (Figure 59), all 
excess agricultural land is utilised once the nature reserve parameter is increased to 
about 50 percent, so at this point carrying capacity starts to fall. Given that this 
parameter asks users to stipulate an amount of nature reserve as a percentage of all 
land available within the region, a choice of 100 percent nature reserve invariably 
leads to a carrying capacity of zero as there is no space for any other function but 
reserve in this case.  
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Figure 59. Carrying capacity of Australia based on short-term default parameters and a range of 0% 
to 100% in the nature reserve parameter. 
9.2 Comparison by region and land-use 
A significant determinant of any regions’ carrying capacity is the availability of 
productive land. The Dashboard accommodates five land-use types including 
cropping land, pasture land, non-agricultural land, infrastructure land and nature 
reserve. The following maps highlight the porportion of some of these land types 
against the 60 different Australian regions modelled in the Dashboard. It should be 
noted that the proportions measured in the maps reflect current land-usage and in 
some cases these could potentially be altered in the future. For instance, the 
percentage of nature reserve could potentially be enlarged or shrunk, and if so, the 
other land-use type proportions would also be adjusted accordingly. In accord with 
the Dashboard, the maps below provide information at three scales.  Firstly, the 
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smallest Australian map represents the national scale. The second Australian map 
highlights state-based data; while the largest map portrays the regional scale.979 
9.2.1 Cropping land 
In Australia, cropping is usually conducted on the best quality soils, while pasture 
need not be of equivalent quality.980 Given that cropping land can thus be used for 
pasture but not necessarily vice-versa, a high proportion of cropping land in a region 
is a sign that the carrying capacity should be reasonably high in comparison to the 
size of the region. The mapping of all 60 regions (Figure 60) shows that the 
proportion of cropping land ranges from as high as 45 percent to less than one 
percent. In a comparison of states, Victoria has the highest proportion with 19 
percent while New South Wales has 11 percent and the remaining states and the 
continent as a whole contain less than six percent. 
 
Figure 60. Existing proportion of cropping land as a percentage of each region: a comparison of all 
60 Dashboard regions. 
                                                 
979 See Table 2 for a list of all regions. 
980 Hulme, Grosskopf, and Hindle, "Agricultural Land Classification." 
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The higher proportions of cropping land can largely be found in the Murray-
Darling basin stretching from southern Queensland to South Australia. The south-
west corner of Western Australia also features a reasonably high proportion of 
cropping land. Given that these two large regions of Australia predominantly 
produce Australia’s grain, it is not surprising to find a higher proportion of cropping 
land here. 
9.2.2 Pasture land 
The proportion of pasture land per region in Australia (Figure 61) highlights four 
distinct instances. Firstly, large areas of Queensland are evidently used for the 
grazing of animals with 75 percent of the state dedicated to the purpose. These areas, 
along with the Northern Territory, South Australian Aridlands and Western 
Australian Rangelands are assumed to be largely unsuitable for cropland with 
reasonably low productivity. The second group of regions is the Murray-Darling and 
south-western corner of Western Australia which has a high proportion of cropping 
land, thus reducing the land available for pasture to about 50 percent. The other two 
groups of regions are those with higher population densities, particularly along the 
eastern seaboard where the proportion of pasture land is about 40 percent, as well as 
those with a high proportion of nature reserve, which also limits pasture land.   
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Figure 61. Existing proportion of pasture land as a percentage of each region: a comparison of all 60 
Dashboard regions. 
9.2.3 Nature reserve land 
Mapping the proportion of nature reserve in each Australian region (Figure 62) 
highlights quite a wide range of difference. Regions in the higher range include 
Alinytjara Wilurara with 99 percent, along with North West Tasmania and North 
East Victoria, each with 55 percent. Alternatively, the regions with a small 
proportion of nature reserve include a collection of south-central Queensland regions 
with only one and two percent reserve and also the Adelaide - Mount Lofty Ranges 
region also with two percent. 
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Figure 62. Existing proportion of nature reserve land as a percentage of each whole region: a 
comparison of all 60 Dashboard regions. 
No doubt the setting aside of nature reserve is a function of historic and 
geographic circumstances and this map illustrates how the more remote regions such 
as those in Cape York, South Australia and the Northern Territory tend to have larger 
areas of reserve land. The less accessible and thus less agriculturally productive 
regions such as Tasmania’s south and west together with the Australian Alps (largely 
within the North East Victoria region) also display a high proportion of nature 
reserve. While inaccessibility and remoteness easily explain high proportions of 
reserve land, there is another instance of this phenomenon where the reason is less 
obvious and this is the relatively high proportion of nature reserve in highly 
populated eastern coastal regions. For example, the Hawkesbury-Nepean-Sydney 
region, containing 43 percent reserve land. 
9.2.4 Population density 
One of the land-use categories in the Dashboard is infrastructural land. It was found 
that the best way to incorporate this aspect was to take Australia-wide averages for 
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infrastructure requirements and then apply these figures to regional areas.981 
Consequently, existing population density is a direct representation of the way in 
which infrastructure was modelled, so rather than mapping infrastructure, an analysis 
of population density was conducted (Figure 63). 
 
Figure 63. Existing population density of each region: a comparison of all 60 Dashboard regions.  
Note that a high degree of difference in densities between regional and urban areas meant that a 
change in scale was necessary. The scale changes for densities less than 100 people per km² 
compared to the densities between 100 and 300+ people per km².  
Unsurprisingly, the capital cities in each state dominate this density map. The 
whole eastern seaboard displays the highest densities regionally and on a state-by-
state basis, Victoria (23.8 people per km²) has the highest density followed by New 
South Wales (9.3 people per km²) and Tasmania (seven people per km²). The other 
states, along with the whole of Australia are all less than three people per square 
kilometre. 
9.3 Comparison by region and timeframe 
                                                 
981 Refer to chapter 8.2 Land-use parameters for more details. 
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While the Dashboard offers a vast array of possible combinations of options within 
the 17 resource-based parameters, in order to make it easier for users to quickly 
ascertain certain benchmarks, two pre-set configurations are also provided. The first 
default option is defined as short-term carrying capacity and best sums up existing 
circumstances and the other option makes estimates of likely long-term constraints.982 
Aspects of the output from these two different timeframe configurations are mapped 
for the 60 different regions below.  
9.3.1 Short-term over and under capacity 
The Dashboard compares the current population of each region with the estimated 
carrying capacity population based on the parameters chosen by the user and then 
gives an indication of the degree to which the region is either under or over capacity. 
A comparison of all regions is mapped under short-term configurations (Figure 64). 
In this map, blue regions highlight under capacity populations while red regions 
show over capacity. The intensity of the colour indicates the degree to which the 
regions are either over or under capacity. This map is similar to the one developed by 
the Global Footprint Network to highlight the extent of current ecological 
overshoot983 (Figure 19). 
This map generally reveals that the less productive areas through the centre of 
Australia and the highly populated areas of the eastern seaboard and the capital cities 
are all over capacity. The under capacity regions can generally be found in the areas 
with a reasonably high proportion of cropping land,984 particularly in the Murray-
Darling Basin and south-west Western Australia. On a state-by-state basis, only the 
Northern Territory and, surprisingly, Tasmania are over capacity. While usually not 
considered unproductive nor highly populated, Tasmania has a high proportion of 
nature reserve land and a low proportion of cropping land which restricts its carrying 
capacity to 223 thousand people even though its current population is almost half a 
million.985 
                                                 
982 See Chapter 8.4 Temporal parameters for more details. 
983 Borucke et al., "The National Footprint Accounts: 2011 Edition, Working Paper.", 6 
984 See figure 59 for a map of proportion of cropping land in Australia. 
985 For a discussion on how Tasmania’s carrying capacity might be increased, see Chapter 9.5 
Comparison by timeframe and land use. 
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Figure 64. Current population as a proportion of carrying capacity population under the short-term 
configuration. 
9.3.2 Long-term over and under capacity 
An examination of the carrying capacity of Australia’s regions under the long-term 
parameters (Figure 65) reveals an even starker picture than under the short-term 
configuration. Only 13 of the 60 regions are actually under capacity and these are all 
either in the Murray-Darling Basin or Western Australia’s south-west corner. 
The reason why the long-term figures produce more over-capacity regions than 
the short-term configuration is the extra requirements on productive land for biofuel 
and the lower yields from organic agriculture compared to fossil-fuel reliant 
agriculture.  Essentially it takes more land per person under the long-term 
configuration compared to the short-term configuration. 
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Figure 65. Current population as a proportion of carrying capacity population under the long-term 
configuration. 
9.3.3 Short-term food requirements 
Given that food production is often the key determinant of population carrying 
capacity, it is worthwhile examining the land requirements for food production 
generated by the Dashboard. A regional comparison of the land requirements of food 
production (Figure 66) reveal that the south-east and south-west coastal regions 
require the least land, the interior and northern regions require the largest area while 
the land requirements for the zone between the coast and the interior fall somewhere 
between the two. While previous maps (e.g. figures 64 and 65) indicate that the 
Murray-Darling basin may possess the most productive land, this analysis shows that 
it is not necessarily the case. Thus, the main reason for over-capacity along the 
eastern seaboard is the existing high population rather than any low productivity. 
    274 
 A comparison of Australia to New York State indicates the low productivity of 
the Australian continent. While Peters et al.986 found that their low-fat high-meat 
diet987 translated to a carrying capacity of about 0.86 hectares per person, Dashboard 
modelling suggests that the region with the best food productivity under short-term 
parameters is North West Tasmania with 0.82 hectares per person, similar to New 
York. However, at the other end of the scale, unproductive regions such as South 
Australia’s Arid Lands required 258 hectares per person to generate the standard diet. 
Nationally, Australia requires 9.3 hectares per person to generate the standard diet. 
 
Figure 66. Area requirements for the generation of food on a per person basis under short-term 
carrying capacity parameters. 
9.3.4 Long-term food requirements 
In accordance with the previous under and over capacity maps, the long-term 
configuration increased per person land requirements thus decreasing population 
                                                 
986 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example.". Also refer to Chapter 6.4.2 New York State. 
987 This diet is comparable to the standard current Australian meat diet. 
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carrying capacity (Figure 67). Under long-term parameters (which feature lower 
meat content than the short-term figures) North West Tasmania requires 0.88 
hectares per person, while Australia requires 13.4 hectares per person. 
 
Figure 67. Area requirements for the generation of food on a per person basis under long-term 
carrying capacity parameters. 
9.3.5 Short-term assumed regional migration 
One of the aims of this research is to provide a tool to help inform planning 
decisions. Given that analysis of Dashboard findings reveals that many regions are 
over carrying capacity,988 the question must be asked: To which other regions would 
the population from over-populated regions migrate if necessary? 
Under the short-term configuration, it was revealed (Figure 64) that generally the 
eastern seaboard together with the north and central regions of Australia are over-
capacity. While these over and under capacity maps show the degree to which the 
population within each region is either under or over capacity they do not show the 
degree of capacity in relation to the whole continent. Further mapping indicates an 
                                                 
988 See Chapters 9.3.1 and 9.3.2 together with Figures 74 & 75 for more information. 
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assumed redistribution of the population (Figure 68). Assuming that the population 
from the over-capacity regions are evenly redistributed to the under-capacity regions, 
the amount of migration required to reach regional carrying capacity is illustrated in 
this map. Not surprisingly, the majority of emigration occurs in the capital city 
regions and this population is more evenly spread amongst the Murray-Darling Basin 
and South-west Western Australia.  
 
Figure 68. Amount of immigration (blue) and emigration (red) as a proportion of population 
movement assuming even redistribution of short-term carrying capacity population. 
9.3.6 Long-term assumed regional migration 
Assumed immigration and emigration is also explored under long-term 
configurations (Figure 69). The main difference between short and long-term 
configurations is that it isn’t actually possible to effectively redistribute the 
population given that the current population is larger than the long-term capacity. 
Regardless of this fact, this map at least indicates the few places that immigrants 
could move, and south-west Western Australia is really the only place with any 
meaningful capacity. 
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Figure 69. Amount of immigration (blue) and emigration (red) as a proportion of population 
movement assuming even redistribution of long-term carrying capacity population. 
9.3.7 Short-term excess land 
Given that any set of parameters on the Dashboard generates a particular set of 
demands on the landscape, it is always possible that not all land will be utilised. The 
configuration of the Dashboard means that there can be excess pasture, non-
agricultural, infrastructure and nature reserve land, but it is not possible to have 
excess cropping land.989 Higher carrying capacities are reached in any region when 
the maximum amount of usable land is utilised, so excess land indicates that the 
parameters chosen do not best suit the regional landscape. In this instance, changes in 
the lifestyle choices of the population may actually generate a higher carrying 
capacity. 
                                                 
989 It is not possible to have excess cropping land in the Dashboard modelling because cropping land 
can potentially be utilised for any land-use purpose and the nature of the modelling calculates a 
maximum use of this land. 
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A map of the excess land generated under the short-term parameters (Figure 70) 
shows that the Murray-Darling Basin and south-west Western Australia exhibit lower 
levels of excess land than most other parts of the continent. This is because the 
higher level of cropping land in these regions better fits the consumption patterns of 
the current average Australian lifestyle. 
 
Figure 70. Excess land as a proportion of all land under short-term carrying capacity parameters. 
9.3.8 Long-term excess land 
Mapping of the excess land under long-term parameters shows that the difference 
between long-term and short-term configurations is minimal (Figure 71). Generally, 
the long-term parameters generate less excess pasture land and more excess non-
agricultural land than the short-term defaults because the population under the long-
term defaults eat less red meat (so requires less pasture land) but use five times the 
amount of timber (requiring more non-agricultural land). The Murray-Darling Basin 
and South-west Western Australia regions exhibit negligible excess land with these 
long-term settings and the highest level is 70 percent excess compared to a high of 95 
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percent in the region with the largest excess under short-term parameters 
(Queensland’s Desert Channels region). 
 
Figure 71. Excess land as a proportion of all land under long-term carrying capacity parameters. 
9.4 Comparison by scale and timeframe 
One of the foundational tenets of this research is that societies in the future will need 
to garner their resources on a more regional basis. This conclusion was drawn partly 
from the proposition that it might engender less environmentally destructive 
behaviour in the population, but also from the viewpoint that fossil fuel depletion 
will necessitate such a change. Using the Dashboard, it is possible to compare the 
carrying capacities within Australia based on both small-scale and large-scale 
resource utilisation. 
In the previous mapping which compared population carrying capacities on a 
regional basis (e.g. Figures 64 and 65), three scales are provided: national, state and 
regional. The national and state carrying capacities, in this instance, are not just sums 
of the regional carrying capacity figures. Rather, the model treats the national and 
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state land areas as entities unto themselves. It is thus possible to compare these large-
scale capacities with an aggregation of the regional figures into state and national 
totals. It was found that for Australia, the large-scale capacity (for short-term 
parameters) is over 40 million, but as an aggregation of smaller regions, it is only 
about 23 million people (Table 16). Generally, this trend is also evident in a state-
based aggregation of the regional figures and the difference between the large-scale 
and small-scale figures is even more pronounced when long-term parameters are 
applied (Figure 72). For example, while the short-term Australian small-scale 
capacity is about 60 percent of the large-scale equivalent (the purple bars on the 
graph), the long-term figure is only about 40 percent (the blue bars). In other words, 
if resources are to be utilised at the regional scale in the long-term, according to these 
figures, Australia will only be able to support less than four million people, whereas 
it will be able to support more than 9 million if resources are utilised nationally. 
Table 16. Population carrying capacities under four different circumstances: short-term and long-
term, and large and small scale. 
 
Population 
carrying 
capacities 
AUST NSW-ACT VIC QLD SA WA TAS NT 
Short-term 
large-scale 
40,439,187 10,033,151 5,975,944 6,178,020 2,069,865 3,696,938 222,986 33,274 
Short-term 
aggregated 
small-scale 
22,945,793 8,513,897 3,426,773 4,712,882 1,842,100 4,168,458 248,409 33,274 
Long-term 
large-scale 
9,431,487 1,609,575 539,589 516,284 830,042 2,105,909 24,414 3,722 
Long-term 
aggregated 
small-scale  
3,793,418 1,030,841 271,527 569,450 352,488 1,523,837 41,554 3,722 
While comparisons of large and small-scale resource utilisation generally show a 
greater capacity under larger scales, there are instances where the reverse is true. For 
example, in the graph below (Figure 72), any bars higher than the 100 percent mark 
indicate that the carrying capacity is higher for small-scale rather than large-scale 
utilisation. Examples include Queensland’s long-term capacity, West Australia’s 
short-term capacity and both timeframes for Tasmania. 
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Figure 72. Aggregated small-scale carrying capacities as a proportion of large-scale carrying 
capacities. 
The large-scale capacities are generated directly from the Dashboard while the small-scale figures 
are generated by adding all regions together on a state or national basis. The 100% mark indicates 
the point at which the small-scale figures are larger than the large-scale figures. 
The reason for this discrepancy between large and small-scale resource utilisation 
is the efficiency of land-use in either instance. Under small-scale circumstances there 
is likely to be more land under-utilised as evidenced by analysis of excess pasture 
and non-agricultural land. For instance, national-scale analysis generates 1.8 million 
square kilometres of excess land while an aggregation of regional analyses generates 
4.5 million square kilometres of excess land. With large-scale utilisation, excess land 
is generated from the usage of all land collectively rather than in small pieces, so the 
excess portion is likely to be smaller in size overall. Consequently, large-scale 
resource usage is generally deemed to be more efficient in land usage than small-
scale. It should be remembered, of course, that these projections assume complete 
self-sufficiency within the boundary under question (national, state or regional) so 
excess land is treated as land which does not contribute to the productive nature of 
the region. This may not always be the case, because land excess to local 
requirements could, in reality, still be utilised for a population who fall outside the 
boundary. This dynamic merely reflects the nature of inter-regional trade and could 
potentially support populations beyond the carrying capacity of their local landscape. 
Alternatively, local populations could adjust their resource consumption habits, such 
as their diet, to reflect the productive nature of their local landscapes, although if this 
meant a dramatic increase in red meat consumption, health implications may also 
need to be taken into consideration. Of course, while this analysis shows that larger 
scales may produce higher carrying capacities than small-scales, the problem of 
continuing to effectively operate the long-distance trade implied by the continental 
scale in a fossil-fuel depleted future, needs also to be taken into consideration. 
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 It is also noted that in some instances, such as in Tasmania, it is actually more 
efficient to utilise land in a small-scale manner. The reason for this anomaly is that 
the small-scale configurations actually produce less excess pasture and excess non-
agricultural land than the large-scale configurations. 
9.5 Comparison by timeframe and land-use 
Analysis of the carrying capacity of Australia under long-term parameters indicates a 
capacity of about nine million people while the current population is already about 
22 million and still growing. This disturbing discrepancy poses questions about how 
a future population might actually support itself given the long-term parameters 
settings. While a downward adjustment of the biofuel component in the model goes 
some way to making up this difference, it could be assumed that reducing it beyond 
the 253 litres per person level would mean withdrawing significant amounts from 
agricultural practice, which would probably actually diminish yields (and carrying 
capacity) further. Additionally, according to the Dashboard, even if biofuel was 
reduced to zero, the Australian carrying capacity would still only reach about 18 
million people. Alternatively, the Dashboard offers no dietary configuration that will 
bring the long-term carrying capacity above 11 million people. 
Another way that carrying capacity could be increased under the long-term 
settings is by increasing the cropping land. It is unclear how much non-cropping land 
in Australia could actually be converted to cropping land but it can be assumed that 
the majority of the arid areas currently under pasture could not be used to grow crops 
with any reasonable harvestable yield. However, mapping of Australia’s productivity 
(as shown in the land requirements for food in Figure 67) and the excess of pasture 
land (Figure 70) indicate that it is possible some pasture land in the south-eastern 
seaboard, in particular, could be converted to cropping land. This conclusion may be 
drawn from the fact that the eastern seaboard displays reasonably high productivity 
relative to other parts of Australia (Figure 67) and yet also displays relatively high 
levels of excess land (Figure 70). This could potentially suggest that some of the 
excess land is of high enough quality to be utilised. However, this assumption would 
need further research to test its validity.990 
                                                 
990 Such research is outside the scope of this thesis. 
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Analysis of the amount of cropping land required for the long-term carrying 
capacity to reach the current population level (Figure 73) shows that a change in diet 
would also be required. The meat-eggs parameter in the long-term configuration is 
7.5 percent and the current proportion of cropping land in Australia (as a proportion 
of all land) is four percent. An increase in this cropping land percentage shows that 
carrying capacity only increases until the seven percent mark is reached. After that 
point, no amount of further increase in the proportion of cropping land affects 
carrying capacity. Prior to this point, the model would have automatically utilised 
cropping land for the grazing of animals, thus taking land away from crops. 
However, at the six percent mark, all excess pasture land is brought into production, 
so the conversion of further cropping land has no impact. However, when the diet is 
changed to the 3.5 percent meat-eggs setting, this trend is extended and at ten percent 
cropping land, the carrying capacity reaches 23 million, thus meeting current 
population levels. It should be noted, however, that this Australia-wide carrying 
capacity figure is for national resource utilisation. If the population utilised resources 
on a regional basis, no diet within the Dashboard model is likely to reach a capacity 
even close to the current population of Australia. 
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Figure 73. Carrying capacity population of Australia under long-term configuration settings 
(including 7.5% meat-eggs) but with diet also adjusted to 3.5% meat-eggs and the proportion of 
cropping land increased from 4% to 14%. 
Various analyses indicate that Tasmania appears to be agriculturally productive991 
but that an over-supply of pasture land992 reduces its carrying capacity to quite low 
                                                 
991 See area requirements for the generation of food (Figures 65 & 66). 
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levels.993 It is thus suggested that there might also be scope to transfer some pasture 
land to cropping land in Tasmania to increase its carrying capacity. As per the 
approach taken in Figure 73, the amount of cropping land was increased from its 
current level of 3 percent until reaching a plateau at 15 percent for a 7.5 percent 
meat-eggs diet and 16 percent cropping land for the 3.5 percent meat-eggs diet. This 
process increased carrying capacity from 24 thousand to 201 thousand and 225 
thousand for each of the diets. While this is a significant increase, the current 
Tasmanian population is 474 thousand, so the carrying capacity with optimised 
cropping land still doesn’t even reach half-way to existing population levels. 
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Figure 74a. Carrying capacity population of Tasmania under long-term configuration settings 
(including 7.5% meat-eggs) but with diet also adjusted to 3.5% meat-eggs and the proportion of 
cropping land increased from 3% to 19%. 
 
Figure 74b. Carrying capacity population of South-east Queensland under long-term configuration 
settings (including 7.5% meat-eggs) but with diet also adjusted to 3.5% meat-eggs and the proportion 
of cropping land increased from 3% to 27%. 
A similar process was conducted for South-east Queensland and population 
carrying capacity was increased from eight thousand to 65 and 73 thousand under the 
two different diets. In this instance, a significant increase in the cropping land was 
required but the 25 percent level is not inconsistent with other regions with high 
cropping land proportions such as those in the Murray-Darling Basin.994 However, it 
should be noted that even a carrying capacity population of 73 thousand is well 
below South-east Queensland’s current population of about three million people. 
                                                                                                                                          
992 See excess land (Figures 69 & 70). 
993 See comparisons of regional carrying capacities (Figures 74 & 75). 
994 See cropping land proportions (Figure 59) 
  
Figure 74a.  Figure 74b. 
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9.6 Comparison by region and diet 
The output provided for users of the Dashboard is a graphical representation in pie-
chart form of the proportions of land required for the configurations entered into the 
model. One pie-chart represents all categories of land usage while another chart gives 
further details on the proportion of just food. This approach helps to illustrate the 
impact not just on carrying capacity but on land-usage when parameters are altered. 
A progression of diets from zero percent meat-eggs to 13 percent meat-eggs 
(Figures 75 to 78) shows how the land-use changes considerably through this range. 
For example, even though the capacity increases only by 14 percent, the percentage 
of land for food changes from 1.2 percent to 30.8 percent. Likewise, the land used for 
nuts and seeds in the food usage chart changes from 39 percent to 0.5 percent over 
this diet range. Another prominent feature of this pie-chart is the amount of land 
required for food derived from animals. For instance in a diet which stipulates a 
proportion of meat and eggs of 13 percent, the proportion of land for food is actually 
97.6 percent.995 The population carrying capacity also increases as the percentage of 
meat-eggs consumption increase which is generally not the case for the short-term 
default settings shown in Figure 41. The reason for this increase in carrying capacity 
is the excess pasture land the diets with smaller quantities of meat-eggs generate. For 
example, the vegan diet generates 36.9 percent excess pasture while the current diet 
generates on 5.4 percent. According to this configuration of the model, as this excess 
land is brought into production, more people are able to be supported by the land so 
carrying capacity increases. 
Also of note in these pie-charts is the 2.8 percent proportion of land required for 
biofuel in this long-term set of configurations even though this level is one tenth of 
our current liquid fuel consumption. 
 
 
                                                 
995 This 97.6% includes the red meat, white meat and dairy portions. 
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Figure 75. Australia long-term 0% meat-eggs (vegan diet) 
 
Figure 76. Australia long-term 2.5% meat-eggs (vegetarian diet) 
 
Figure 77. Australia long-term 7.5% meat-eggs (healthy diet) 
 
Figure 78. Australia long-term 13% meat-eggs (current diet) 
9.7 Comparison by food groups and timeframe 
While previous analyses have shown how a change in diet can have significant 
impacts on carrying capacity results,996 information on the degree to which 
components of the diet contribute to overall carrying capacity has been limited. 
                                                 
996 Refer to sections referring to diet such as Chapters 9.1.3, 9.1.4 and 9.6. 
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Consequently, a comparison of dietary components was conducted for both long-
term and short-term configurations. In order to simplify such a comparison, three 
broad categories of agricultural production generally in line with ABS 
classification997 were adopted: animal products (red meat, white meat, eggs and 
dairy), broadacre (cereals, oils, legumes and sweeteners) and horticulture (fruit, nuts 
and vegetables). A comparison of these food groupings identified that animal 
products form by far the largest proportion of per person land requirements (Figure 
79) with, for example, the animal products area (short-term parameters) being more 
than 60 times the size of broadacre requirements and more than 200 times 
horticultural requirements. 
Per person square metre requirements for food groups
125,757
5,554 3,058
91,329
1,339 330
0
20,000
40,000
60,000
80,000
100,000
120,000
140,000
Animal Broadacre Horticulture
AUST long-term
AUST short-term
 
Figure 79. Australian long-term and short-term land area requirement 
The discrepancy between long-term and short-term area requirements also 
demands some attention, with for instance, the horticulture category requiring 330 m2 
for short-term but almost ten times this amount for long-term. Analysis on a 
parameter by parameter basis (Figure 80) reveals that the climate variability, meat-
eggs and activity parameters are responsible for the majority of this increase. 
                                                 
997 Australian Bureau of Statistics, "Agricultural Commodities Australia 2009-10,"  (Canberra: 
Commonwealth of Australia, 2011). 
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Impact of parameters settings on per person land requirements
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Figure 80. Percentage change settings: 
The impact of various parameter settings are tested by initially entering the short-term settings and 
then changing just one parameter at a time to the long-term amount. The percentage difference is then 
recorded for the three dietary groups (animal, broadacre and horticulture) so percentages under 0% 
indicate that land requirements reduced with the long-term setting, while an increase by 100% 
represents a doubling. 
From a land-use planning perspective, the estimation of areas of land required for 
these three categories can be insightful. For instance, one of the foundational 
propositions of this research is that food production may need to occur on a more 
localised basis in the future. If this is to occur, the Dashboard can help to guide this 
transition by indicating the components of the Australian diet best suited to smaller-
scale production. An assessment of the diet configured under the short-term 
parameters (Figure 81a) indicates that the three dietary categories, animal products, 
broadacre and horticulture are roughly equally represented from a consumption 
standpoint but not from a land-usage perspective (Figure 81b). For instance, 
horticulture and broadacre products comprise 64 percent of the diet but require two 
percent of the land used for food. Broadacre and horticulture crops are thus 
dramatically more land-efficient than animal products, suggesting that if only part of 
a standard Australian diet was to be produced on a local basis in future, crops rather 
than meat production offers more efficient carrying capacity returns. Given that 
broadacre crops are rarely produced on a small scale in Australia, it is assumed that 
the skills and equipment required for their production on a more localised basis may 
be lacking. While at some stage in the future it might be necessary to grow these 
crops at smaller scales, it is acknowledged that this is a more difficult proposition 
than animal and small-crop production where smaller-scaled enterprises are currently 
in operation. Consequently, of the two non-animal products, this research suggests 
that it is the production of horticultural produce that seems to offer the easiest 
conversion to regionalised operations. From the short-term configuration, this 
category represented 330 m2 per person (176 m2 vegetables, 77 m2 fruit and 77 m2 
% change 
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nuts & seeds). Of course, some regions will be more suited to the production of 
horticulture than others depending on local climate and conditions. 
Broadacre 
195kg, 37%
Animal
183kg, 36%
Horticulture 
138kg, 27%
 
Horticulture 
330m2, 0.5%
Animal 
91,329m2, 
98%
Broadacre 
1,339m2, 
1.5%
 
Figure 81a. Food components consumed per person per year as a proportion of the Australian diet 
(short-term settings).  
Figure 81b. Food components produced per person per year as a proportion of Australian land 
requirements (short-term settings). 
9.8 Optimisation of parameters 
The Dashboard gives users much insight into how to optimise their consumption 
patterns if aiming to live self-sufficiently within a particular landscape. However, 
experimentation also reveals that merely adjusting the Dashboard’s parameters in 
order to maximise carrying capacity will not necessarily result in the most 
sustainable, healthy or realistic outcomes. Figure 82 illustrates the highest possible 
carrying capacity result for Australia of about 232.5 million people. This figure was 
determined by manually adjusting each parameter until reaching the maximum 
output. The parameter choices are: 
 
Timeframe: 1 year 
Total food: 100%  
Meat-eggs: 3.5% 
Red meat: 100% 
Activity level: 1 
Avoidable waste: 0% 
Recycling: 100% 
Organic farming: 0% 
Irrigation: 100% 
Liquid fuel: 3000 lt 
Biofuel 0% 
All textiles: 30 kg 
Natural fibre: 0% 
Wool fibre: 0% 
Timber: 4.3 m3 
Infrastructure: 663 m2 
Nature reserve: 0% 
 
Figure 82. Projections for Carrying Capacity Dashboard configured for maximum capacity. 
  
Figure 81a.  Figure 81b. 
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While producing a large population capacity, this maximised configuration is 
actually environmentally and socially short-sighted. For instance, it makes the 
assumption that all fuel and textiles can be produced from non-renewable sources in 
increased quantities despite likely future resource depletion; it eliminates all nature 
reserve, threatening environmental sustainability; it uses only short-term production 
figures; it increases red meat consumption with potential health repercussions; it 
eliminates all organic farming regardless of possible health, land-usage and fertiliser 
use implications and it assumes the impossible situation of universal irrigation of all 
lands. Rather than merely aiming for maximised production, this projection serves to 
illustrate that a carrying capacity-based societal decision-making process needs to 
balance a range of systemic drivers such as environmental and societal health and 
sustainability to arrive at an optimal outcome. 
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10. Evaluation of carrying capacity model 
10.1 Compare model against key criteria 
This research identified a set of ten benchmarks998 as a way of comparing existing 
carrying capacity assessment models. These benchmarks are now used as a measure 
against which the Carrying Capacity Dashboard can be evaluated. These criteria 
include whole-of-system, cultural habits, dynamic timeframes, risk management, 
constraints, explore alternatives, credible data and method, usability, future planning 
and fine-grain scale. 
10.1.1 Whole-of-system 
The whole system defined by this research (Figure 1b) is a nested set of smaller 
systems whereby the environmental context encapsulates the societal system which 
in turn, encapsulates the economy and other social functions such as education, 
health and governance. Applied directly to carrying capacity assessment, where 
particular landscapes and people are examined, the environment forms the boundary 
around which analysis is made and society is represented by a specific population 
(Figure 83). 
PopulationResources
Local boundary
Impacts
Global boundary
inputs outputs
 
Figure 83. This is a re-representation of Figure 14 which stated that carrying capacity modelling can 
be encapsulated in a simple input-output diagram. 
Resource inputs and impact outputs are positioned both within local and global boundaries as they 
can potentially occur at both scales 
                                                 
998 See Chapter 7. Carrying capacity assessment modelling components. 
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An ideal carrying capacity model999 should incorporate societal considerations 
which are intrinsically limited by their biophysical environment. These 
environmental parameters should include the ability to supply society with sufficient 
resources and also adequately absorb impacts that the processing and use of these 
resources imparts. However, examination of other carrying capacity models1000 
indicates that researchers are yet to consistently and accurately identify direct 
correlations between population numbers and impact capacities. In other words, 
while it is obvious that human behaviour impacts on the environment, ascribing 
maximum limits has proven problematic. The Dashboard only accounted for 
environmental impacts in an indirect manner. For instance, the Nature Reserve 
parameter allows users to adjust the amount of land which is set aside for 
environmental protection and this land might absorb and sequester greenhouse gas 
emissions or potentially help cleanse waterways. However, this process merely turns 
an impact factor into a resource parameter without accommodating the breadth of 
other possible impacts such as soil erosion and sewage pollution. The proportion of 
nature reserve within any region is certainly likely to affect carrying capacity, but the 
question remains, what would be the minimum threshold required to adequately 
absorb environmental disturbance if in fact it is the purpose of nature reserve to 
perform this function (and it may not necessarily be the case anyway)? Further 
research is required to address this question.  
Consequently, in accord with the approach taken by other leading carrying 
capacity researchers,1001 the Dashboard focuses on the resource-input side of the 
systems equation and its online subtitle, “A resource-based indicator of regional self-
sufficiency,” reflects this bias. These resources were quite comprehensively 
covered.1002 
A whole-of-system carrying capacity model would also encapsulate political, 
educational, energy and economic structures as well as addressing agricultural 
alternatives and land-ownership implications. Of this dauntingly comprehensive list, 
                                                 
999 The whole-of-system attributes of an ideal carrying capacity model are outlined in Chapter 7.1 
Whole-of-system. 
1000 As per chapter 6.2 Local carrying capacity models – impact focus. 
1001 As per Fearnside (Fearnside, Human Carrying Capacity of the Brazilian Rainforest.), Fairlie 
(Fairlie, "Can Britain Feed Itself?."), Gutteridge (Gutteridge, "Ecological Footprint and Carrying 
Capacity Studies of South East Queensland: A Comparison and Discussion of Results.") and Peters et 
al (Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example.") 
1002 See Chapter 10.1.5 Constraints for more details. 
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the Dashboard directly deals with energy and educational considerations and, to 
some extent, agricultural systems, but the other aspects are only inferred. For 
instance, organic farming is offered as an alternative to conventional agriculture, 
biofuel is included as an alternative to petroleum and the Dashboard, by its very 
nature offers educative potential in the highlighting of relationships between 
biophysical constraints, human behaviour and resource production.1003 Choices in 
alternate economic and political structures are not directly incorporated and it is 
difficult to envisage how these elements could form a distinct and quantifiable 
carrying capacity threshold because these aspects are not biophysical in nature. 
However, some of the Dashboard analysis, such as the movement of population from 
over capacity to under capacity regions and possible changes in land-use, would 
certainly require significant changes in political and economic imperatives.1004 
To improve the Dashboard in its current form, the economic and governance 
implications could be more clearly highlighted to users. For example, prompts might 
include: What form of land ownership would facilitate this lifestyle arrangement? 
What scale of land-use best suits this system? How are resources best shared in this 
system? 
The omission of various societal systems and impact-related biophysical 
constraints means that a complete whole-of-system approach has not been achieved 
as part of this research, but some progress has been made in the incorporation of 
parameters beyond food (egg. textiles, liquid fuel, timber) and towards less energy 
intensive farming systems (egg. organic agriculture). 
10.1.2 Cultural habits 
The primary aim in criteria of cultural habits1005 is to accurately match prevailing and 
potential demographic and resource-based societal behaviours with land-usage 
requirements and to this end, the Dashboard has been successful. 
Modern society, in its globalised consumer-orientated nature, generates almost 
endless resource demands which in their entirety, may be beyond encapsulation 
within a carrying capacity model and certainly exceed the scope of this research. 
However, it was identified that at its minimum, a carrying capacity model should 
                                                 
1003 For further discussion of educational implications, see Chapter 11.7 Education. 
1004 Economic and governance implications are explored further in Chapter 11.6 Governance. 
1005 See Chapter 7.2 Cultural habits. 
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include the basic human resources essential for a population’s physical survival 
including food, water, shelter and energy.1006 With relevance to the criteria of cultural 
habits, the Dashboard has incorporated these aspects in a manner that reflects their 
current or most relevant future usage. For example, Dashboard modelling not only 
includes the entire range of food utilised by the average existing Australian diet, but 
preferences items within dozens of food groupings in order to reflect current user 
choice. This preferencing acts as a default for the entire population which is an 
important inclusion when individual users might have insufficient awareness of any 
diet apart from their own. An ideal carrying capacity model acts not just as a 
reflection of individual choice but as a signifier of societal choice. With 
cosmopolitan society incorporating a wide variety of diets the predetermined dietary 
default settings allow for some individual choice (such as meat amounts and types) 
within a society-wide preferential context. The best balance between assumed 
societal preference and individual user choice is dependent on the intended 
complexity of the interface. For example, each of the preference groups could have 
the potential to be altered by the user. However, this would require significant 
commitment from the user so, for the purposes of a basic model (such as the 
Dashboard), it was deemed best to not include such depth of user choice. 
Nevertheless, the model could be adapted quite easily to accommodate such changes. 
Essentially, decisions were made to simplify the amount of choice offered to the 
user but maintain as detailed a database as possible for the calculations that inform 
the carrying capacity result. Thus, the 133 resource items1007 comprehensively sum up 
society’s essential resource base. The applicability of resource production to 
particular landscapes is another aspect successfully incorporated, with societal 
preferences being automatically adjusted for regions that might not support the 
production of some items.1008 Healthy eating habits are also well-integrated, with the 
four dietary anchor points (healthy meat diet for activity levels 1, 2 and 3, plus the 
vegetarian diet) specified by the NHMRC1009 forming the backbone of the dietary 
range. Additionally, current less-healthy dietary habits were included in order for 
comparisons to be made between existing and potential circumstances. Appropriate 
levels of caloric and protein content are incorporated into the food modelling, based 
                                                 
1006 See Chapter 7.5 Constraints. 
1007 See Appendix Table 30. 
1008 Refer to Chapter 8.3.2 Food – total food for further details on how this was achieved. 
1009 Byron et al., "A New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." 
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on NHMRC data, 1010 but rather than users explicitly having the opportunity to alter 
these factors, they are able to do so though activity levels (which affects caloric 
levels) and the meat-eggs parameter (which affects dietary protein). The model 
currently has the ability to calculate calories, protein, carbohydrates, sugar, water and 
dietary fibre in all diets so with further development, it would be possible to allow 
users to manipulate the diets based directly on these elements. 
While NHMRC dietary recommendations provided valuable expert input into 
Dashboard modelling, analysis of the Meat-eggs parameter (on which the range of 
these diets is based) shows a somewhat erratic carrying capacity result.1011 It was 
identified that this irregularity was a result of adapting the NHMRC diet to suit 
Dashboard modelling. It is thus recommended that the Dashboard modelling could 
be improved with dietary advice applied specifically to this model, rather than 
merely just using existing publications. 
The Dashboard’s non-food parameters such as textiles, liquid fuel and timber 
were incorporated in a similar way to food with current and potential future 
consumption patterns successfully informing land-usage requirements. While these 
aspects were not incorporated in as detailed a way as food, the adoption of the same 
methodological approach means that these aspects could be expanded with further 
work.  
10.1.3 Dynamic timeframes 
The initial public release of the Dashboard included only one set of default figures 
which reflected existing societal-wide behaviour and land-use practices. These 
figures were provided with a caveat explaining that current lifestyles may not be 
sustainable so users should also explore other options by altering Dashboard 
parameters. User feedback,1012 however, highlighted that this approach gave the 
impression of prioritising these current parameters over sustainable measures and 
that not all users have sufficient knowledge of sustainability issues to be able to 
make informed choices for long-term carrying capacity. Given that this research 
suggests that long-term outlooks best define the concept of human carrying 
                                                 
1010 Ibid. 
1011 See Chapter 9.1.3 Food – meat and eggs. 
1012 Refer to Chapter 10.2 User Feedback 
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capacity,1013 it was necessary to introduce a second default option to the Dashboard so 
that it offers users both long-term and short-term choices. This change improved the 
apparent focus of the modelling from short-term to sustainable. 
The inclusion of an estimation of over-capacity or under-capacity is another 
feature of the Dashboard that helps to reinforce the idea of long-term carrying 
capacity. The Dashboard’s depiction of over-capacity invokes the concept of 
overshoot, which Catton1014 and Meadows et al.1015 highlight as a historical 
consequence of the exceeding of local carrying capacity limits. The numeric 
representation of this important aspect underplays its importance, so it is 
recommended that ways to graphically represent it might have more impact. 1016 
One aspect which the Dashboard does not address is the ability of the model to be 
tailored to a particular local region to act as a tool for them to help determine land-
use planning and lifestyle decisions. For instance, it was envisaged1017 that each 
region wishing to maintain a degree of resource self-reliance could maintain their 
own model and would thus need to frequently update it in order to accommodate any 
localised changes in crop choices, yields, soil health and climatic conditions such as 
those potentially induced by climate change.1018 While the Dashboard, in its current 
form, allows the adjustment of some of the default parameters such as land-use areas, 
it does not allow yields to be changed so user manipulation of yield data would need 
to be included for a more region-specific application. 
10.1.4 Risk management 
The ability for users to explore societal risk was identified as an important inclusion 
in carrying capacity modelling. Fearnside1019 successfully illustrated this concept by 
graphing the relationship between carrying capacity and risk for his Brazilian 
study.1020 While an indication of likely risks such as Fearnside’s chance of failure 
graph (Figure 23) was envisaged for the Dashboard, direct transposal of this 
                                                 
1013 See Chapter 3.2 Carrying capacity definition 
1014 Catton, Overshoot: The Ecological Basis of Revolutionary Change., 44 
1015 Meadows, Randers, and Meadows, Limits to Growth: The 30-Year Update., 158 
1016 See Table 63 for an example of how over and under capacity could be graphically illustrated in the 
Dashboard. 
1017 See Chapter 7.3. 
1018 Ideally, this constant updating of carrying capacity data should be ongoing at whatever scale the 
model is used. 
1019 Fearnside, Human Carrying Capacity of the Brazilian Rainforest., 80 
1020 See Chapter 6.5.1 Brazil 
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approach was not possible. In Fearnside’s study, colonists were deemed to have 
failed if they were forced to leave their farms due to crop or financial failure but 
equivalent data for the likelihood of Australian societal failure is not available. 
Consequently, a different method for the inclusion of risk was adopted which, 
instead of relying on historic farming failure, accounts for historic variability in 
climate and subsequent crop yields. Overall, the method informing the climate 
variability parameter successfully highlighted the increase in risk as timeframes 
increase. For instance, Chapter 9.1.1 shows how population carrying capacity 
estimates diminish when self-sufficiency is anticipated for longer periods of time. 
The parameter relies on the adoption of an engineering concepts linking 
infrastructure capability with timeframes (for example, bridges that are estimated to 
cope with all but a one in 100 year climatic event) to anticipated agricultural yield 
with similar timeframes (for example, populations able to support themselves for all 
but a one in 100 year climatic event). For example, it may be considered too much of 
a risk to build a bridge that accommodates flooding for anticipated flooding intervals 
of 10 years but may be deemed an acceptable risk to design a bridge to accommodate 
a one in 100 year flood. Likewise, a population aiming to be self-sufficient may 
consider that aiming to maintain carrying capacity within a 10 year period is too 
short but that a hundred-year timeframe of failure is acceptable.  
This risk management methodology thus accommodates choices in the risk of 
failure (similar to Fearnside), but these failure rates are more implicit than explicit 
because the user adjusts timeframes rather than risk rates. In this regard, it is not as 
successful as Fearnside’s approach. However, the inclusion of further information for 
users to highlight the role of this parameter could potentially improve the educative 
aspect of risk management in the Dashboard. The identification of the source of such 
risks is also only implicitly included at present. For instance, the risk of drought, 
flood, pest infestations and crop disease is indirectly included in the potential 
reduction in crop yields over longer periods of time because it was most likely these 
factors which impacted crop yields in the past (and it is these historic yield variations 
that upon which this parameter is based). However, it is currently not made obvious 
to the user that this is the case. Nor is it possible within currently modelling for the 
user to test the risk for any of these factors individually. Further research could 
potentially improve these aspects.  
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The inclusion of a climate variability parameter in the Dashboard is seen as a 
critically important aspect of long-term carrying capacity modelling, particularly in a 
continent renowned for its climatic unpredictability.1021 While it is acknowledged that 
long-term projections become increasingly unreliable as the timeframe increases,1022 
this just reinforces the need for the inclusion of as accurate data as possible. The data 
used for the Dashboard’s climate variability parameter was national- and state-based, 
so its accuracy for regional analysis is limited but represent the only data available 
for such long timeframes. 
Analysis of a range of timescales (Figure 39) highlighting a jagged rather than 
gradual carrying capacity result also shows that the calculation methods could be 
improved. The angular change in the graph from year 20 is a result of the way in 
which the agricultural yield data was compiled in decade-long intervals whereas, in 
reality, this inflection point should be more curved to reflect a slightly more gradual 
change. It is thus suggested that an algorithm which more accurately matches the 
actual occurrence be employed.  
It is suggested that the climate variability parameter could be improved with the 
inclusion of forward projections to accommodate climate change and sea level rises 
rather than relying on past records of crop yield fluctuation. With sea level rise, for 
example, each landscape would have to be examined at a fine scale to ascertain 
which land might be taken out of active productivity. Regionally-specific projections 
would also need to be made for impacts, timing and severity of future droughts, 
floods and rainfall patterns in the context of climate change. 
In summary, the climate variability parameter successfully incorporated some 
important elements of risk management but the reliability of the data both past 
(through its lack of regional applicability) and future (through its lack of climate 
change projections) means that improvements could be made. Further innovation in 
the graphical representation of risk could also be improved with the ability to see 
impacts against the backdrop of a whole range of risks. If the climate variability 
timeframe graph (Figure 39) was able to accommodate a percentage risk of collapse, 
as per Fearnside’s graph (Figure 23), then it’s inclusion in future versions of the 
Dashboard might be instructive. 
                                                 
1021 Refer to Chapter 8.3.1 Climate variability and 8.4.2 Long-term defaults for more details. 
1022 Cohen, How Many People Can the Earth Support?, 280 
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10.1.5 Constraints 
A number of biophysical and societal constraints were previously identified in 
Chapter 7.5 including water, food, energy, shelter, technology and trade and these 
have been incorporated into the Dashboard in a variety of ways. 
While the exclusion of drinking water from a carrying capacity model seems 
counter-intuitive given its absolute necessity to human survival, Liebig’s law of the 
minimum suggested that the best way to incorporate water was through its utilisation 
in the food supply.1023 Consequently, the Dashboard includes an irrigation parameter, 
an infrastructure parameter which includes land for water storage and a climate 
variability parameter,1024 (which is largely a reflection of the lack of rainfall) and each 
regionally-attributed crop yield also reflects inherent climatic constraints because 
they are historic records of actual locations. The differences in crop yields is 
evidenced by maps showing higher and lower per person land requirements (Figure 
66). Of these three ways that water availability was incorporated into the Dashboard, 
only the irrigation parameter provides users with the ability to directly alter the 
amount of water.  This parameter uses reliable data sourced from the ABS1025 and the 
relationship between carrying capacity and irrigated farmland (Figure 49), highlights 
the improved yields that irrigation can offer.  
The carrying capacity constraint of food is comprehensively incorporated into 
Dashboard modelling. Peters et al.1026 suggestion that carrying capacity analysis, 
“should not consider the impact of individual foods in isolation, but in the context of 
a complete diet and a complete food system,” was adopted with the incorporation of 
five basic diets1027 providing the anchor points for an eventual 93 complete diets with 
three levels of caloric intake (sedentary, moderate and high). These diets utilise the 
same database of food ingredients with adjustments for wastage within the food 
chain, but adjust the servings of various food groups. This was also the approach of 
                                                 
1023 See Chapter 7.5.2 Water. 
1024 Refer Chapter 10.1.4 Risk management for assessment of the climate variability parameter. 
1025 Australian Bureau of Statistics, "Characteristics of Australia's Irrigated Farms." 
1026 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example.", 152 
1027 Four diets were provided by: Byron et al., "A New Food Guidance System for Australia – 
Foundation and Total Diets. Revised Draft Report for Public Consultation." One diet was provided by: 
Australian Bureau of Statistics, "National Nutrition Survey - Foods Eaten - Australia.". 
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Peters et al. 1028 but the Dashboard also builds on their work by offering user 
interaction in choosing these parameters as well as new parameters such as recycling, 
meat-eggs amount and red meat amount.  
In the Dashboard, the constraint of energy was restricted to liquid fuel and to a 
limited extent, firewood (as part of the timber parameter) because these aspects are 
directly affected by the availability of productive land within a carrying capacity 
model. The methodology for their inclusion, with one parameter representing the 
amount of fuel used and the other, a measure of the proportion of biofuel within the 
liquid fuel mix, successfully captured the degree to which renewable and non-
renewable fuel usage affects carrying capacity. However, an effective method of 
including coal, gas, solar photo-voltaics, wind, geothermal and hydro-energy was not 
found at this stage, so could be something to consider for future models. 
Like the biofuel parameter, the resources incorporated into the Dashboard in 
connection with human shelter aim to highlight impacts of renewable and non-
renewable resources. For instance, the first two textile parameters (amount and 
natural percentage) mirror the approach taken for biofuel – first a per person 
consumption level is established and then the proportion of natural and artificial 
components of that amount are given. The textiles category also offers a third choice 
which proportions amounts of wool and cotton within the natural fibre category. This 
is an important inclusion as these are the two most commonly used forms of natural 
fibre and because wool requires pasture land and cotton requires cropping land, they 
each affect carrying capacity in different ways depending on land availability within 
any region. The method used for this textile section thus successfully correlates 
consumption habits with land usage requirements not only in the overall amount of 
land required but also in the type of land (e.g. cropping and pasture). One potential 
improvement, however, could be the inclusion of other materials apart from wool 
and cotton. This could include hemp, bamboo and flax even though at present these 
form less than one percent of consumed textile resources in Australia.1029 
While clothing is viewed as one form of human shelter, the other is building 
construction and this aspect was incorporated into the Dashboard through the 
infrastructure and timber parameters. The timber parameter is an important 
                                                 
1028 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
1029 Plastina, "World Apparel Fiber Consumption Survey." 
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renewable resource inclusion with a direct relationship to land-usage requirements 
and the infrastructure area per person highlights important relationships between 
urban footprints and resource production. However, other building materials apart 
from timber such as concrete, steel, earth, hay-bail and brick are included in less 
obvious ways. For instance, the infrastructure parameter includes land utilised for 
mining and quarrying but a more detailed model may allow users to choose such 
materials separately and it could also include an estimate of the energy requirements 
(and land required for such energy production) of each construction material. In 
future, it is envisaged that parameters equivalent to the textile choices could be 
developed for construction materials including a parameter for renewable and non-
renewable resources. 
A further inclusion is recommended for the infrastructure parameter which could 
also be applied to the nature reserve section. At present, the Dashboard modelling 
automatically reallocates land areas from the worst quality land first, in order to 
increase infrastructure and nature reserve. So, if a user increases infrastructure land 
in the model, firstly non-agricultural land would be utilised, then pastoral land and 
lastly cropping land. This means that the increase in infrastructural requirements 
rarely actually affects the modelled carrying capacity. However, in reality, urban 
development is occurring on good quality agricultural land, thus reducing carrying 
capacity. So it is suggested that an additional feature be added to both the 
infrastructure and nature reserve parameters which asks users to stipulate the class of 
land they anticipate any increase or decrease in either of these functions will impact. 
Technological alternatives have been incorporated into the Dashboard to a limited 
degree. For example, there is a choice between conventional farming and organic 
farming techniques. It had been hoped to also include permacultural production as a 
third choice as per Fairlie’s1030 modelling, but insufficient yield data was available. A 
small selection of trials was discovered for the production of food using a multi-
cropping system, but again, there were too few examples to confidently incorporate it 
into the modelling. 
The inter-connectedness of Dashboard parameters is another important carrying 
capacity assessment feature. For instance, when the adjustment of one parameter 
impacts another, an ideal model would accommodate such indirect responses. The 
Dashboard accommodates such inter-relationships in its dietary preferencing, 
                                                 
1030 Fairlie, "Can Britain Feed Itself?.", 22 
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wastage and recycling parameters. For instance, when a user chooses a region which 
is unsuited to particular crops, the dietary consumption components of the population 
are automatically adjusted to suit local availability.1031 Likewise, when a user adjusts 
the diet or wastage rate for a certain population, the amount of potential recycling is 
automatically adjusted based on the anticipated availability of recyclable material. 
Additionally, when a user choses a consumption pattern which increases the land 
usage beyond land availability for that particular land type, the next best land type is 
automatically utilised instead. For example, if red meat consumption pushes pastoral 
land usage above pasture land availability, then cropping land will automatically also 
be utilised in the model. These automatic indirect adjustments are important in 
simulating real-life prioritisation processes. However, further improvements could be 
made in the incorporation of energy in this regard. At present, no indirect 
relationships between the energy intensiveness of certain activities and the land 
required to perform them have been established in the Dashboard. For example, 
adjustments to irrigation rates could potentially affect energy required for water 
pumping, having subsequent impacts on land usage particularly if the user has also 
chosen a high proportion of biofuel consumption.1032 
Lastly, trade between regions was successfully implied in the model but further 
work on this aspect could make it more prominent. For instance, at present, food 
imports and exports are incorporated into the food percentage parameter. If more 
than 100 percent is chosen, it is assumed that the additional portion is exported and if 
less than 100 percent is chosen, an importation of food is implied. This approach was 
possible for food where a minimum level of consumption can be assumed for a 
population (based on basic physiological requirements), but this is not the case for 
fuel, textiles or timber consumption where minimum levels are less clearly defined. 
Consequently, in these instances, users are able to adjust consumption levels by 
overall amounts (e.g. kilograms of textiles, cubic meters of timber, litres of fuel) on a 
per person basis and existing Australian consumption amounts were offered as 
benchmarks for users to gauge any increase or decrease from current levels. This 
approach successfully allows each user to make informed choices but actual trading 
of materials is only implied. For instance, if a region intended to export half its 
timber, then the user would have to calculate the amount of timber required per 
                                                 
1031 See Chapter 8.6.1 Agricultural production and consumption. 
1032 Manfred Lenzen also gives the example of increased dairy usage potentially leading to increased 
land needed for the mining of iron ore to make steel to make irrigation equipment for dairy farming. 
Manfred Lenzen, Email, 15 November 2012. 
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person and then double this amount. While this approach does allow for trade, 
comments from Dashboard users1033 suggest that it should be spelt out more clearly. 
This could easily be accomplished by including additional parameters for fuel, 
textiles and timber that mirror the food percentage parameter so users can stipulate 
imports and exports directly. 
If, in a future society, carrying capacity assessment is adopted universally (as is 
recommended), then the element of trade may form an important accounting system 
to ensure that some regions which may be undersupplied with some resources can be 
made aware of where their imports may come from. If this system of inter-regional 
accountancy is not adopted, carrying capacity limits may inadvertently be overshot 
by some populations. 
10.1.6 Explore alternatives 
The aspect of exploring alternatives, more than any other, is the most original aspect 
that the Carrying Capacity Dashboard offers. While there are various Ecological 
Footprint models publicly available online allowing users to change various 
parameters to ascertain biophysical impacts, an equivalent tool is not otherwise 
available for carrying capacity assessment. The Dashboard offers users the choice to 
explore 17 resource-based alternatives1034 across 60 zones1035 with 5 different land 
classes.1036 There are some important inclusions in the alternatives made available on 
the Dashboard, including the short-term and long-term default parameters, climate 
variability, nature reserve and waste and recycling but further options could also be 
included in the future such as poly-cultural production (e.g. under-cropping, multi-
cropping, permaculture) and further building materials.1037  
It should also be acknowledged that there is perhaps a risk in offering too many 
choices. For instance, users might be daunted by the investment of time that learning 
about the implications of each parameter might take. To help alleviate this, 
parameters were grouped into eight categories. Another option in this regard could be 
to lead users through a series of steps so that not all choices are immediately obvious. 
However, this option was rejected for the Dashboard in its current form in favour of 
                                                 
1033 Refer to Chapter 10.2 User Feedback 
1034 Refer to Chapter 8.3 Resource-use parameters 
1035 Refer to Chapter 8.1 Scalar parameters 
1036 Refer to Chapter 8.2 Land-use parameters 
1037 See Chapter 10.1.5 Constraints. 
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giving users an instant visual representation of results. The other feature of the 
Dashboard which aims to alleviate confusion about the breadth of parameters is a 
series of informative hover-over pop-out boxes that describe how the parameter 
works and any key benchmarks such as Australian average consumption levels. 
One danger identified by the process of creating the Dashboard is the possibility 
of users making unrealistic choices. For example, users can alter the land-use areas at 
will but it might not be physically possible for one class of land to be changed to 
another. Likewise, it may not be possible to increase irrigation of agricultural land 
above current levels. It is hoped that this potential problem has been alleviated by the 
hover-over boxes associated with these potential impossibilities informing users of 
this danger. It is also recommended that a comprehensive user’s manual be produced 
describing how the Dashboard works and how best to take advantage of its many 
functions. 
10.1.7 Credible data and method 
The decision to base yield data on existing figures rather than projected ideal figures 
gives the Dashboard much credibility in its data sourcing. The ABS sources, which 
form the majority of data for agricultural yields, are generally both detailed and 
accurate. There are some gaps in ABS data that required filling such as converting 
fruit tree and animal product production into yield data and also the complete 
absence of some minor crops. However, until such time as the ABS change the way 
they collect their data, it seems unlikely that this approach will change.  
One aspect that does require further refinement is the basis on which land usage is 
gauged because the discrepancies between the two sets of most credible Australia-
wide figures from the ABS and ACLUMP data sets are troublingly large. For 
instance, ACLUMP cropping land is 24 percent larger than ABS, the pasture land is 
27 percent larger and this also translates to a 27 percent increase in estimated 
carrying capacity if using ACLUMP figures compared to ABS ones. This difference 
leaves doubts as to the accuracy of either method of data collection (ACLUMP’s 
aerial mapping survey and ABS’s farmer survey). Ultimately a decision had to be 
made regarding the choice of datasets for use in the Dashboard and the ABS figures 
were chosen due to their alignment with yield data also drawn from the ABS. 
However, further research needs to occur to ascertain why such a discrepancy might 
occur for such a significant set of figures. 
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The Dashboard utilised data which was both at a scale most appropriate for each 
parameter1038 and the most up-to-date. However, there are instances where these 
aspects could be improved given the availability of such data. For instance, the 
standard Australian diet included in the Dashboard is drawn from an ABS 1995 
study.1039 Ideally, a more up-to-date study would be preferable (but is currently not 
available). Additionally, the Dashboard’s demographic data is drawn from the 
national scale and applied to regional parameters. If such data was available at an 
NRM scale, the carrying capacity outcomes would be more accurate for existing 
short-term analysis. 
One way to test the veracity of the data, as well as the accuracy of the model 
itself, is to compare the short-term default carrying capacity estimates with existing 
production figures. It is assumed that the Australian short-term default parameters 
represent existing consumption, production and land-use configurations, so any 
excess production would indicate the export of a surplus while any shortfall should 
represent the degree of importation. Given that the short-term parameters indicate a 
national carrying capacity of about 40 million people compared to the current 
population of about 22 million, examination of the trading of food was expected to 
reveal that almost half is exported. In order to simplify the wide range of foods 
traded, three categories of exports were thus examined, grains, horticulture and 
animal products. Based on existing Australian import and export figures, it was then 
calculated that about 55 percent of red meat1040 should be available for export, 57 
percent of all broadacre crops1041 are exported and about eight percent of all 
horticultural products1042 are imported. When these three amounts are considered with 
an appropriate weighting to the amounts consumed,1043 they average 39 percent. So 
according to this method, it could thus be said that 39 percent of all Australia’s food 
is exported. Considering that the Dashboard suggests that the Australian continent 
could potentially support a further 18 million people or 47 percent, a correlation 
(with a difference of 8%) can be seen between this potential increased population and 
the existing exported food supply, which helps to validate the credibility of the 
original data. 
                                                 
1038 See Chapter 8.3 Resource-use parameters. 
1039 Australian Bureau of Statistics, "National Nutrition Survey - Foods Eaten - Australia." 
1040 ———, "Livestock Products Australia." 
1041 ABARES, "Australian Crop Report,"  (Canberra: Commonwealth of Australia, 2011)., 20-21 
1042 This is an estimate based on the value of Australian imports and exports compared to over all 
national production. Australian Government, "Australian Horticulture Fact Sheet,"  (Canberra: 
Department of Agriculture, Fisheries and Forestry, 2012). 
1043 As per figure 81a. 
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The methods used in the development of Dashboard modelling are more complex, 
comprehensive and detailed than the model it was based on, that of Peters et al.,1044 
but ultimately, the same basic approach was utilised.1045 Similarities include: the 
categorisation of available land types into those reflective of their productive 
potential (e.g. cropping and pasture land); the incorporation of food items according 
to both existing and potential dietary consumption patterns; the apportionment of 
resources according to serving quantities and estimated commodity popularity; and 
the allocation of land according to land type availability, estimated agricultural yields 
and anticipated consumption demand. Modelling was expanded to also include: 
resources beyond just food (e.g. textiles, fuel and timber); various additional 
parameters (e.g. climate variability, activity levels, wastage, recycling, organic 
production, irrigation, infrastructure and nature reserve); analysis across the whole of 
Australia at three different scales; temporal variability (e.g. short-term and long-term 
defaults); more refined allocation of land including the apportionment of excess land; 
and extensive user interactivity. 
10.1.8 Usability 
This research initially identified a number of potential users who could benefit from 
a publicly accessible carrying capacity planning tool including both institutional 
interests such as planners, researchers and educators as well as community groups 
and individuals. With such a wide potential audience-base, broad public accessibility 
and ease of use were primary goals of the Dashboard. The Dashboard was released 
publicly at http://dashboard.carryingcapacity.com.au on 23 March 2012 and, 
together with an accompanying blog site (offering information about the nature of 
carrying capacity assessment), has consistently attracted about 300 new visitors each 
month. In the first nine months of operation, the blog site received about 5000 visits 
and the Dashboard about 1500 visits.1046 72 percent of Dashboard visitors and about 
half the visitors to the blog site came from Australia. User comments of the online 
forum1047 together with numerous requests for public presentations1048 suggest that 
                                                 
1044 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
1045 For more details see Chapter 6.4.2 New York state. 
1046 A technical error meant that about three weeks of visitor statistics just following the Dashboard’s 
launch (April 2012) were lost. 
1047 See Chapter 10.2 User feedback 
1048 Public and peer presentations on carrying capacity and the Dashboard include: 
30 December 2012: Woodford Folk Festival, Greenhouse lecture theatre, Woodfordia. 
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government bodies, educational institutions and community groups have all used the 
Dashboard and found it informative. 
The development of an interface for the Dashboard was an ongoing process. It 
was initially based on my own design and subsequently received input from 
interactive designers and IT specialists. While the overall look has been refined, the 
general aims have remained unchanged. Key aspects of the design are: 
 The interface is reasonably compact in order to allow users to easily alter 
the parameters and simultaneously recognise the consequences of these 
choices. 
 The parameters are altered with an intuitive method of increasing and 
decreasing their magnitude. A set of slider bars were chosen for this 
purpose. 
 It has a wide variety of parameters but these are grouped together into 
categories in order to make the experience easier to negotiate. 
 The interface itself has a minimum of information but when the user 
requires more detail it is readily and comprehensively available. 
 Carrying capacity results are given visual priority in the layout to 
highlight their importance. 
Aspects to also be incorporated in the future include the use of mapping (e.g. 
Google maps) to more easily choose regions and also some visually engaging output 
such as the over-capacity and under-capacity maps (Figure 64) which might 
dynamically update based on user choices. While there is much information for 
specific parts of the Dashboard online, some preliminary information to users 
offering more general instructions may also be a future improvement. 
Further user engagement might also be enhanced through a game-like interface 
similar to that employed by the Global Footprint Network’s Ecological Footprint 
                                                                                                                                          
19 September 2012: 11th Urban Environment Symposium, Karlsruhe, Germany. 
11 September 2012: Open lecture in Creative Sustainability Master’s program, Aalto University, 
Helsinki. 
31 July 2012: Department of Environment and Heritage Protection open lecture series, Brisbane. 
30 June 2012: Friends of Southeast Queensland, open lecture series, Brisbane. 
28 May 2012: Hot Futures community group, open lecture series, Brisbane. 
23 September 2011: 4th International Urban Design Conference, Gold Coast 
9 March 2011: Faculty of Business Research seminar series, Bond University 
4 April 2011: Review of Sustainable Redlands Study (commissioned by Redlands City Council 
planning officers on its Stage 1 Methodology Report into carrying capacity constraints) 
11 March 2010:  Workshop presentation to Sunshine Coast Regional Council mayor and councillors. 
11 March 2009: Gold Coast City Council Urban Design Lecture Series. 
12 July 2009: 53rd Annual Meeting of the International Society for the Systems Sciences, UQ. 
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calculator.1049 To this end, another version of the Dashboard is currently under 
development for display in QUT’s new Science and Engineering Centre as part of the 
Cube project. In this instance, the emphasis is to be on educative possibilities, 
particularly for school students, with less time to engage in all the parameters. 
Consequently, a simpler approach is being adopted that only offers long-term 
parameters (i.e. choices for petroleum and artificial fibre production will not be 
included) and a game-like narrative structure directing users to adopt certain societal 
roles, such as being a government minister responsible for the environment, industry 
or agriculture. It is then envisaged that groups of students can engage in the carrying 
capacity game concurrently and then eventually come to a resolution of the optimum 
set of carrying capacity parameters for any region based on a consensus-style 
decision making process. 
10.1.9 Future planning 
The Dashboard achieves the aim of providing a forward planning tool estimating 
self-sufficiency at various scales. In developing this model, it was envisaged that 
sustainable design outcomes might be optimised by addressing land-use and 
community planning imperatives simultaneously. Ultimately, this process involves 
acknowledging that societal imperatives are subservient to the physical 
characteristics of the landscape.1050 The Dashboard allows users to explore this 
dynamic relationship. It is acknowledged, however, that the Dashboard is merely a 
tool to assist decision-making processes, and society at large needs first to want to 
use the tool. One example of the decision-making assistance offered to Dashboard 
users is in helping to inform self-sufficient communities in planning the allocation of 
cropping and pasture land to match an intended diet. In some instances, additional 
analysis of Dashboard results is necessary in order to ascertain certain trends. For 
example, mapping of potential regional migration (Figures 68 and 69) allows 
analysis at a national scale for all regions at once. In other instances, further work 
will also need to be done in order to align carrying capacity analysis with economic 
and political processes.1051 This imperative may inform future initiatives. 
                                                 
1049 Global Footprint Network, "Footprint Calculator." 
1050 As per figure 1b. 
1051 See Chapter 11.6 Governance for more details. 
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The Dashboard could broadly be described as a sensitivity analysis tool,1052 
offering users the ability to change parameters one at a time to test the changes that 
result. However, the introduction of the long-term and short-term default choices 
begin to also offer scenario planning options and this functionality could be explored 
further in future carrying capacity models. 
While the Dashboard and other future carrying capacity assessment tools can be 
made available within the land-use planning arena and within local government, 
recognition of their value and a willingness to engage with them is also ultimately 
necessary. A society-wide educative approach is thus also necessary in order to 
highlight the importance of carrying capacity modelling with further education 
initiatives such as the Cube project1053 and the Dashboard user guide potentially 
contributing to this process.1054 
10.1.10 Fine-grain scale 
Carrying capacity estimates can only ever be made in relation to actual pieces of land 
so a boundary inevitably needs to be drawn at a particular scale be it global or local. 
This boundary dictates that self-sufficiency occurs within its borders, although, in a 
practical sense, this is usually unlikely to occur, when some form of trade 
complicates the process. Analysis from the Dashboard appears to present conflicting 
drivers towards both small and larger scale boundary delineation. Reduced future 
energy availability suggests that smaller scales may promote better food security 
while the more efficient employment of larger scales of self-sufficiency point to 
higher carrying capacities.1055 In the absence of sufficient evidence to conclusively 
argue the benefits of one scale over another, the Dashboard adopted three scales of 
geographic representation – national, state and regional. The national scale is 
certainly important for short-term carrying capacity analysis as it aligns most 
accurately with current Australia-wide consumption and production patterns so 
allows users to test scenarios against a familiar backdrop. The regional scale provides 
some insight into potential regional self-sufficiency with analysis highlighting 
various comparisons amongst regions1056 and also between regions and the larger 
                                                 
1052 See Chapter 7.9 Future planning for more information on types of analyses. 
1053 See Chapter 10.1.6 Explore alternatives. 
1054 See Chapter 10.1.8 Usability. 
1055 See Chapter 9.4 Comparison by scale and timeframe. 
1056 See Chapter 9.2 Comparison by region and land-use and Chapter 9.3 Comparison by region and 
timeframe 
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scales.1057 However, results from the state level seem less meaningful without a valid 
reason for the measurement of self-sufficiency along state boundaries. Consideration 
could be given to omitting this scale from the Dashboard in future releases. 
The choice of NRM delineations for regional analysis was largely made on the 
basis of yield data availability. While the size of regions differs dramatically within 
the NRM system (e.g. the whole of the Northern Territory is one NRM), over all, the 
53 regions are ample for the capability of the Dashboard interface. If any more 
choices were made available in the drop-down lists in its current configuration, users 
may simply be overwhelmed by the number of options available. However, if in the 
future, a scalable mapping interface is introduced, then the incorporation of even 
smaller scales would improve the applicability of the Dashboard to community-led 
self-sufficiency. This inclusion, however, would largely be led by the availability of 
data applicable to the smaller scales and currently this is not publicly accessible. 
10.2 User feedback 
In parallel with the release of the online Dashboard, a user forum allowed visitors to 
leave comments and ask questions. More than 30 users left comments which 
provided some valuable suggestions (examples given in Table 9). 
Table 17. Feedback received by users of the Dashboard.  
The first column gives the user’s comments; the second column summaries the insight that such 
comments offer; the third column places the comments in the context of the 10 criteria for carrying 
capacity model evaluation.1058 The third column discusses the potential for such insights to influence 
future development. 
 
User comments Insight offered Criteria Potential developments 
I see your dashboard being 
ideally applicable as a tool to 
test a range of 
economic/political/cultural 
scenarios. 
The view of a systems 
thinker. 
Whole-of-
system 
A whole-of-system approach is the 
intention of the modelling but will 
require take-up by educators and 
visionaries.1059 
Where does water/rainfall 
come in your calculator? Not 
only does Australia have the 
lowest rainfall of any 
populated continent it is also 
the most variable. Droughts 
and flooding rains! 
This highlights that 
users are already 
aware of existing 
major constraints to 
carrying capacity. 
Constraints More detailed information addressing 
these concerns should be made 
available on the Dashboard website in 
future. 
                                                 
1057 See Chapter 9.4 Comparison by scale and timeframe 
1058 As per Chapter 7 Carrying capacity assessment model components 
1059 See Chapter 11.6 Governance and 11.7 Education 
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User comments Insight offered Criteria Potential developments 
Any calculation assuming the 
availability of fossil fuels, the 
electric grid and phosphorus 
will be very short-term and 
delusional. 
This comment 
reinforces the 
importance of offering 
choices for a long-
term post fossil fuel 
future.   
Constraints The potential future inclusion of solar 
power has already been identified1060 
but while peak phosphorus has been 
identified as a potential future 
problem,1061 its inclusion as a 
parameter could also be explored, 
although in many ways, the Organic 
Farming parameter already explores 
post-phosphorous agriculture. 
How do we know that it’s not 
a fanciful figure that misleads 
the calculation? I think the 
figures are all plausible but I 
could not find the criteria and 
algorithm used for these 
estimates. 
This comment 
reinforces the need to 
not only use credible 
data and 
methodologies but to 
make them publicly 
available. 
Credible 
data and 
method  
This issue could be addresses by 
publishing information of methods 
applied and data used. The current 
Dashboard already supplies the major 
referenced sources but few details of 
methods. Making the project open 
source should also alleviate users’ 
fears of non-credible data and method. 
A suggestion, make this an 
'open source' project. By that I 
mean that all of the underlying 
programming language and 
equations are published 
where anyone can freely use 
and distribute it, and also 
replicate it and make 
alterations in their own 
versions. That way, people 
may more easily build upon 
what you have started. This 
opens the doors more to 
collaboration, development, 
feedback, and replication. 
As the user suggests, 
an open source 
project may be a good 
way to encourage 
replication and 
refinement of the 
modelling. 
Future 
planning 
This idea has much potential to 
increase the interest in and acceptable 
of the importance of carrying capacity 
modelling. One potential problem is 
the degree of complexity involved in 
developing a model as identified in 
Chapter 8. 
I suggest two genera’s of 
meta buttons for your 
dashboard: lifestyle 
categories (e.g. resilient, 
sustainable, priocracy etc.) 
and futures scenarios (e.g. 
crash and burn, business as 
usual, back-to-basics, 25 
years out). 
This is an excellent 
insight into how to 
make the interface 
more user-friendly and 
also how to improve 
the aspect of long-
term (sustainable) and 
short-term (business 
as usual) timeframes. 
Usability 
Dynamic 
timeframes 
This excellent suggestion was actually 
incorporated into the modelling. 
However, instead of implementing all 
the choices suggested by the user, 
they were simplified to just two: long-
term defaults and short-term 
defaults.1062 
 
 
 
 
 
 
                                                 
1060 See Chapter 8.7 Components absent from model. 
1061 See Chapter 5.1.4 Food 
1062 See Chapter 8.4 Temporal parameters 
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User comments Insight offered Criteria Potential developments 
I think we might have the 
concept for a manipulable 
electronic-game / scenario-
testing program in the pipeline! 
Maybe there is also a way to 
incorporate an ecological 
footprint representation that 
extends and contracts the visual 
footprint in terms of land area, 
possibly even adjusted for 
terrain and productivity? Both 
could become mechanisms for 
more rapidly communicating the 
implications of current practices, 
especially in those areas where 
overshoot is already occurring 
but for external resource inputs. 
This highlights that 
an engaging 
interface can be an 
important factor 
Usability Refinements to the interface occurred 
five months after the initial release of 
the Dashboard but further research 
and development would be a 
worthwhile initiative. Adjustments to 
productivity in the modelling could 
occur if new the yield data is made 
accessible at smaller scales than 
currently available. Adjustments to 
terrain relate to land use – one 
potential improvement of the modelling 
in this regard would be to include a 
mapping aspect to the interface to 
allow users to more visually choose 
locations. 
To be all-powerful one would 
have a tool with the ability to 
change the colour of the land-
use zonings and see the 
implications for taking the prior 
usage out of the equation. Such 
an approach would work one 
way by showing the reduction in 
productive capacity if, for 
example, monitoring the loss of 
prime agricultural land to coal or 
Coal Seam Gas, or the increase 
in prime agricultural land 
needed if increasing population 
with urban density. 
This user would like 
to see a more visual 
representation of the 
land-usage 
parameters 
Usability The further visualisation of land-use 
zonings is concept worth considering 
for future Dashboard editions. 
If you're after ideas for tweaks, 
an option to turn off tool-tips, 
option to enlarge the map of 
regions and select areas to 
analyse by means of clicking 
the desired regions. 
This user also 
suggests that 
mapping could be 
used for choosing 
regions in the 
Dashboard 
Usability The tool-tips were changed from 
hover-overs to click-downs as the 
information was visually interfering 
with the Dashboard parameters. The 
visual representation and choice of 
regions via a map is an idea worth 
pursuing in the future. 
A table or chart of existing 
percentages for all the 
categories shown in the pie 
charts would be helpful for 
making quick comparisons. 
The user makes 
constructive 
suggestions on how 
to best illustrate the 
carrying capacity 
results generated by 
the model. 
Usability This suggestion relates to the visual 
representation of the data and results. 
Potential ways to include this in future 
versions could be the inclusion of 
maps at various scales which show 
analysis like the over-capacity and 
under-capacity maps in Chapters 9.3.1 
and 9.3.2. Maps might also offer a 
larger context to the region chosen by 
the user. 
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User comments Insight offered Criteria Potential developments 
[This modelling is] critical for 
understanding the impact 
population growth has on local 
communities - but will any 
politician take any notice? 
This illustrates the 
concerns users may 
have at a local 
community level and 
their lack of 
confidence in the 
existing political 
system to deal with 
the problem. 
Future 
planning 
Whole-of-
system 
This point just reinforces the impetus 
towards localisation which underpins 
the modelling. 
Is there scope to use smaller-
area datasets, e.g. ACT + 
south-east NSW? 
This comment 
highlights how users 
are likely to want to 
find the details for 
their own local 
environment at a 
scale that they can 
relate to. 
Fine-grain 
scale 
The inclusion of smaller scales would 
be an improvement to the Dashboard 
but would be dependent on data 
availability. 
The Dashboard’s user forum proved to be a successful way of eliciting comments 
and suggestions from participants. It also proved useful in helping to identify 
programming glitches,1063 highlighted the wide range of people interested in carrying 
capacity modelling and provided a mechanism for productive networking with other 
researchers. 
                                                 
1063 An example of programming errors which were highlighted by user feedback is the fact that the 
model was freezing when the user made the choice of 100 percent nature reserve. This was 
subsequently fixed. 
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11. Implications of carrying capacity assessment 
within the contemporary socio-environmental 
context 
This research highlights both the importance and mechanics of carrying capacity 
assessment tools by illustrating that the resource-based land-use requirements for 
human populations can be accurately and dynamically estimated. If carrying capacity 
assessment is to be of socio-environmental value, however, this form of modelling 
would need to form a fundamental part of public decision-making processes on a 
long-term basis requiring both societal discipline and cultural integration. Given the 
severe consequences of societal overshoot,1064 the importance of implementing 
carrying capacity-based planning linking populations to the biophysical constraints 
of their landscapes cannot be over-stated. Potential initiatives to limit environmental 
impact and lower resource consumption will not be enough unless efforts are also 
made to stabilise or even reduce human population because any such gains would 
only be swamped by an otherwise ever-increasing consumer-base. As Davidson1065 
points out, “[t]he design imperative needs to go beyond the mere growing of food to 
the redesign of the urban fabric itself, and to the self- and collective-governance 
mechanisms required to live within economic means (as defined in a resource 
constrained, climate challenged world).” Consequently, implications for the future 
adoption of carrying capacity assessment as a planning tool specifically encompass 
population control, technological feasibility and land-use planning but also 
encapsulate broader societal systems such as governance, environmental 
management and education. 
11.1 Population control 
The steady increase of the global population for at least the last ten thousand years1066 
indicates the difficulties in controlling human population. Authors such as Ehrlich1067 
and Catton1068 argue that current population levels are at global saturation point while 
                                                 
1064 See Chapter 4.1 Avoidance of carrying capacity constraints. 
1065 Neil Davidson, Email, 17 October 2012. 
1066 See chapter 4.1 Avoidance of carrying capacity constraints 
1067 Ehrlich, The Population Bomb., 11 
1068 Catton, Overshoot: The Ecological Basis of Revolutionary Change., 3 
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others such as Hartmann1069 suggest that the current problems revolve more around 
unequal access to resources than an overall resource shortage. Following the pattern 
of demographic transition, she argues, “[t]ake care of the population and population 
growth will come down.” The problem in relying on this indirect method of 
population control is that the circumstances that led to demographic transition in 
some parts of the world in recent times may no longer apply in the future given the 
likely energy, resource and economic constraints imposed by a dwindling fossil-fuel 
energy supply.1070 There are thus two risks to this strategy – the existing resources 
may not be sufficient to reach the entire global population and the economic 
expansion which underpins demographic transition is unlikely to eventuate. A more 
direct awareness of the need for population control is required on an individual level 
world-wide, and direct measures need to be taken to prevent the population 
continuing its upward trajectory. 
There exist only limited ways to control overall population numbers – births, 
deaths and migration.1071 Obviously, if examining the issue from a global perspective, 
migration can be eliminated as there are no under-populated other worlds to which 
we can escape. On a sub-global level however, migration could play a role in 
facilitating realignment between populations and the biophysical capacity of their 
landscapes.1072 However, if populations continued to grow, even well geographically 
distributed societies would eventually reach a global capacity. Concerning the role of 
deaths in the population equation, it is unconscionable to consider planned premature 
mortality as a potential solution, leaving birth control as the only way to stabilise 
population growth. While an exploration of various birth control techniques largely 
falls outside the scope of this research, it is sufficient to state that ample methods 
exist;1073 it is more a matter of finding the willingness to employ these methods that 
presents a barrier. Education initiatives which highlight the importance of 
understanding the relationship between a landscape and its population carrying 
capacity are thus an essential global imperative.1074  
                                                 
1069 B. Hartmann, Reproductive Rights and Wrongs: The Global Politics of Population Control 
(Cambridge: South End Press, 1999)., 303 
1070 See Chapter 5.4.1 Global for further discussion on demographic transition. 
1071 Australian Government, "Fact Sheet 15 - Population Growth," Department of Immigration and 
Citizenship, http://www.immi.gov.au/media/fact-sheets/15population.htm. 
1072 See Chapter 11.7.1 Migration and trade 
1073 J. Trussell et al., "The Economic Value of Contraception: A Comparison of 15 Methods," 
American Journal of Public Health 85, no. 4 (1995). 
1074 See Chapter 11.6 Education. 
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Analysis of long-term Dashboard parameters1075 suggests that Australia’s 
population is already above its sustainable capacity,1076 and while a global analysis is 
outside the scope of this research, it can be assumed that many other nations are also 
over-capacity.1077 Consequently, even though current Australian policies such as the 
Baby Bonus1078 support growth in domestic population, it is obvious that every effort 
should be made to do the opposite and reduce Australia’s population. Incentives for 
families to produce only one child should thus be explored. Globally, universal 
access to family planning services should also be a priority. 
If the issue of population control is not addressed in the near future, Malthusian 
checks1079 such as famine, disease and conflict seem entirely likely, if not inevitable 
but as Hardin points out,1080 “[o]verpopulation can be corrected by means short of 
homicide and war. The means is attrition, which means seeing to it that the birth rate 
falls below the death rate.” 
11.2 Technological feasibility 
The development of the Dashboard proves that it is possible using existing 
technologies to estimate population carrying capacities at various scales. However, 
the proposal put forward by this research that a high degree of self-sufficiency may 
need to occur on a local level in the future1081 suggests that each local community 
should conduct their own assessments. In order to generate the most accurate 
estimate based on potentially ever-changing landscapes and populations, the model 
needs to be dynamically adjusted to local conditions. Ideally, such assessments 
would occur in an ongoing manner with localised yield data, land-use areas, climatic 
conditions and consumption patterns continually informing carrying capacity 
estimates. Additionally, the scale at which assessments are made should reflect the 
scale at which the majority of resources, particularly food,1082 are garnered. 
                                                 
1075 See Chapter 9.3.2 Long-term over and under capacity. 
1076 Unless future production methods prove supply greater agricultural yields. 
1077 Global Ecological Footprint analysis supports this proposition (see Chapter 6.1.2 Ecological 
Footprint). 
1078 Australian Government, "Baby Bonus." 
1079 Malthus, Population: The First Essay., 18 
1080 Hardin, "Cultural Carrying Capacity - a Biological Approach to Human Problems - AIBS News.", 
600 
1081 See Chapter 7.10 Fine-grain scale. 
1082 Dashboard analysis (see Chapter 9) found that the resource requiring the largest amount of land is 
food. 
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Microsoft Excel spreadsheet software was used for the compiling, storage and 
calculation of Dashboard data. Computer modelling offered the quickest and easiest 
tool for the purposes of this research and it is envisaged that many other individuals, 
communities and governments world-wide would also have access to such 
technology. In fact, upon the request of overseas online Dashboard users,1083 plans are 
underway to make the modelling an open-source project so that interested parties 
world-wide can assess the modelling method in order to generate their own local 
models. However, it is important to examine whether such modelling software is 
likely to be globally accessible to everyone and applicable to all local regions in the 
future. For instance, every community world-wide does not currently have computer 
access nor sufficient skills,1084 and perhaps if there are future energy constraints, easy 
global access to electrically-powered equipment such as computers might become 
more problematic. In addressing this question, it should be highlighted that in 
creating the Dashboard, a complex modelling system was applied to a complex 
consumption process. For instance, the 133 basic Dashboard food items reflect a very 
broad diet and the six different ways in which food can be wasted represents an 
elongated supply chain. If the production, processing and consumption of such 
resources were more localised, it is likely that specific local geographic and climatic 
conditions may limit the range of foods produced and shortened distances between 
farm and plate may also limit the potential forms of losses. For instance, if 
individuals grew a much higher proportion of their own food then retail losses are 
likely to be reduced, thus simplifying that part of the modelling process. 
It is thus envisaged that in parts of the world or times in the future where only 
low-tech tools in a less-complex supply chain are available, more basic modelling of 
carrying capacity thresholds can be enacted. Essentially, carrying capacity modelling 
merely involves the addition of small pieces of land required for the production of 
various resources, all of which form a total amount of land per person. These sums 
are just as possible to accomplish using pencils and paper as using spreadsheet 
software, but perhaps the operation would merely take the modeller more time. 
 
 
                                                 
1083 See Chapter 10.2 User feedback. 
1084 Shing H. Doong and Shu-Chun Ho, "The Impact of ICT Development on the Global Digital 
Divide," Electronic Commerce Research and Applications 11, no. 5 (2012)., 519 
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11.3 Land-use planning 
Effective land-use planning practice involves not only observations of how human 
behaviour might impact on the landscape, but also methodological remedies 
responding to those challenges. Consequently, carrying capacity assessments can 
provide vital analysis but must also be followed up with an effective strategy for 
sustainable land-usage. This research has explored a number of carrying capacity-
based land-use planning issues including the impacts of localisation, potential 
redistribution of the population, changes in land usage, land data availability and 
impediments and opportunities for carrying capacity-based planning. 
The potential for future resource localisation is one important issue examined by 
this research. It is argued that a localised resource-base may reduce the demand on 
fossil fuels for long-haul transport, more easily facilitate recycling of materials and 
nutrients back to the land and help to engender greater environmental and ethical 
responsibility in local populations because impacts are often more immediately 
obvious and behavioural change more willingly undertaken.1085 This last point was 
borne out by historic analysis1086 where the only examples found of populations living 
within a known landscape carrying capacity limit were those with a predominantly 
localised resource-base. For example, obligations to limit family size for the people 
of Tokugawan Japan were felt at the family or village scale because it was at this 
societal level that economic and physical survival depended. 
Contrary to these benefits of localised resource utilisation, Dashboard analysis 
showed that in Australia, carrying capacity actually decreased significantly when 
self-sufficiency was instituted at a regional rather than national scale because of a 
drop in the efficiency of land utilisation.1087 Findings also revealed that regional self-
sufficiency, particularly around Australia’s large urban centres is problematic, if not 
impossible given the existing density of people in these regions does not leave 
enough land for regional agricultural purposes.1088 However, complete regional self-
sufficiency devoid of external trade may not be a realistic objective in the short-term, 
nor may it deliver the greatest possible carrying capacity. Rather, a much higher 
degree of localised self-sufficiency is an important aim for regions to adopt in order 
to improve food security given likely future resource constraints. A higher degree of 
                                                 
1085 See Chapter 6.5 Local carrying capacity assessment models - whole system focus. 
1086 See Chapter 4.2 Historic carrying capacity assessment and maintenance. 
1087 See Chapter 9.4 Comparison by scale and timeframe. 
1088 See Chapter 9.3.1 Short-term over and under capacity 
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regional self-sufficiency would offer urban populations greater accessibility to, and 
responsibility for, their own food supply, in case possible interruptions to the existing 
elongated supply chain should leave the over-capacity regions under-resourced. 
Some findings generated by the Dashboard modelling seem to suggest planning 
imperatives within a complex array of potential drivers. For instance, if decisions 
were merely made on the basis of maximising carrying capacity, then according to 
the Dashboard, organic agricultural production would be avoided and resources 
would continue to be produced on as large a geographic scale as possible (on account 
of national scales producing larger carrying capacities than smaller scales). However, 
other important systemic issues also need to be considered such as resource 
depletion, food security, human health and environmental sustainability, so land-use 
planning decisions need to take place in a context of seemingly divergent priorities, 
necessitating an identification of the importance of each issue in relation to other 
such issues.  
Ultimately, it is the responsibility of all designers of societal systems, including 
land-use planning, to safeguard against potential environmental and societal harms in 
the context of biophysical constraints. 1089 As such, the impetus needs firstly to focus 
on the identification and measurement of biophysical constraints because, while there 
is often some flexibility in societal systems, physical limits to population growth are 
usually not as open to negotiation. For instance, geographic and climatic conditions 
usually dictate maximum crop yields in any one region.1090 Once the maximum 
potential crop yields have been reached under a certain agricultural regime, be it 
swidden or modern agriculture, these physical conditions may prevent any further 
growth in productivity. In this case, it is society that must adapt because the climatic 
and geographic conditions may be unchangeable. Likewise, a future shortage of 
petroleum fuel potentially forms an immovable barrier against which other decisions 
need to be made. Some may argue that other technologies or transport systems non-
reliant on petroleum will be developed to fill this void but in the absence of evidence 
to suggest that any such technological revolution might be implemented within 
                                                 
1089 The foundational concept on which this research is based argues that there are biophysical 
constraints to societal activity. See Chapter 1. Introduction and figures 1a and 1b. 
1090 David B. Lobell, Kenneth G. Cassman, and Christopher B. Field, "Crop Yield Gaps: Their 
Importance, Magnitudes, and Causes," Annual Review of Environment and Resources 34, no. 1 
(2009)., 181 
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sufficient time,1091 strategies of adaptation that necessitate changes to the way we 
live, where we live, what we consume and the scale of our self-sufficiency need to be 
developed. In this case, a more localised system of production may help to safeguard 
food security and planning decisions should be made in this context rather than 
merely assuming business as usual circumstances and maximised economic and 
carrying capacity outcomes. For example, even though Dashboard analysis found 
that Australia’s carrying capacity is likely to be larger when resource production is 
utilised nationally, biophysical constraints such as resource depletion may render this 
option unfeasible in the future. In this case, biophysical limits dictate that a smaller-
scale system of resource utilisation should be developed. This example merely 
highlights the dependencies visually represented in the concentric diagram on which 
this research is based (Figure 1b) where societal processes are constrained by 
environment determinants. Decision making processes should thus reflect this 
hierarchy of dependencies with environmental constraints limiting societal activity 
and societal concerns also limiting economic activity. 
It was found that the amount of land dedicated to the growing of crops along 
Australia’s eastern seaboard1092 was disproportionately small in comparison to its 
apparent productive capacity.1093 Given that the majority of Australia’s population 
actually live on the eastern seaboard, every effort should be made to increase crop 
production in these regions, necessitating a change of land-usage from pasture and 
infrastructure to cropping where possible. Despite Gutteridge suggesting that 
possibilities in this regard may be limited,1094 investigations into the extent of 
potential changes in land-use in Australia should be conducted. In many areas, much 
of this analysis has already been initiated in the form of land suitability mapping, but 
a comparison between existing land use and potential land-use is also required. One 
land type with potential for agricultural expansion is Australia’s 9,491 km2 of rural 
residential land.1095 Choices of what types of crops to grow in the more highly 
populated areas also require consideration, and analysis showed that horticultural 
                                                 
1091 Jörg Friedrichs, "Global Energy Crunch: How Different Parts of the World Would React to a Peak 
Oil Scenario," Energy Policy 38, no. 8 (2010)., 5 
1092 See Chapter 9.2.1 Cropping land. 
1093 See Chapter 9.3.3 Short-term food requirements. 
1094 Gutteridge states that, “[w]hat remains as grazing land is ill suited to either broad acre or irrigated 
cropping, and if it could have been farmed, it would have been done a long time ago.” Gutteridge, 
"Ecological Footprint and Carrying Capacity Studies of South East Queensland: A Comparison and 
Discussion of Results.", 24 
1095 Refer to Chapter 7.5.5 Shelter for details on how land-use mapping has revealed this excess 
residential land.  
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crops produced a greater consumed yield than broadacre crops. Other reasons for a 
focus on horticulture include wider familiarity with small-scale production by an 
urban population and greater applicability to small-scale production with the tools 
and techniques to which most people have access.1096 Additionally, the climate of 
Australia’s eastern seaboard, being quite humid in many cases, may make it less 
suitable for the growing of some broadacre crops such as wheat.1097 
Consequently, in a transition to increased localised societal self-sufficiency, 
prioritisation of food production should firstly be given to horticultural products 
because they require the least amount of land for the best resource return. In fact, an 
increase in the consumption of horticultural products as a proportion of the whole 
diet (above the current 27 percent1098) should be encouraged wherever adequate 
cropping land is assessable to local populations. In order to increase the localised 
availability of such cropping land, under-utilised or recreation-orientated urban areas 
such as back-yards and public open space should be re-purposed towards the 
growing of fruit, vegetables, nuts and seeds. Additionally, populations should be 
encouraged to decentralise away from the urban centres in order to maximise 
localised agricultural production in the areas where cropping land is currently 
abundant and population levels low. This could offer new relevance to semi-dense 
rural areas where an appropriate density should be sought which draws people closer 
to their food and water sources while still maintaining a large enough population to 
reap societal and civic benefits such as small businesses and community facilities. Of 
course, such re-allocation of land-use should also be mindful of the retention of 
native vegetation and biodiversity so even at this small scale, the allocation areas of 
land for nature reserve (as per the parameter in the Dashboard) should be a high 
priority. 
Dashboard modelling suggests the Murray Darling Basin and South-west corner 
of Western Australia are well placed for regional population relocation.1099 
Horticultural products also require good quality soils and favourable growing 
conditions which according to Dashboard modelling coincides geographically with 
the regions in Australia with the greatest populations (in the coastal areas). 
                                                 
1096 Gene Logsdon, Small-Scale Grain Raising (Emmaus, Pennsylvania: Rodale Press, 1977)., 2 
1097 Gordon M. Murray and John P. Brennan, "Estimating Disease Losses to the Australian Wheat 
Industry," Australasian Plant Pathology 38, no. 6 (2009), Australian Government, "The Biology and 
Ecology of Bread Wheat (Triticum Aestivum L. Em Thell.) in Australia,"  (Canberra: OGTR, 2005). 
1098 See Chapter 9.7 Comparison by food groups and timeframe. 
1099 See Chapter 9.3.1 Short-term over and under capacity. 
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Horticultural products are also generally quite perishable so reducing transport 
requirements for these foods, by growing them closer to populations, should reduce 
potential damage and wastage. It is thus recommended that all regions aim for almost 
one hundred percent self-sufficiency in horticultural production. Of course, if a 
sizable population was to relocate from the cities to regional areas, adequate 
provision of services would need to accompany them so as to avoid needless 
transportation back to the cities by the population for employment, health and 
entertainment. Self-sufficiency in services would thus go hand-in-hand with self-
sufficiency in food and other resources. 
In aiming toward increased localised self-sufficiency, secondary priority should 
be given to broadacre crops because they require more land than horticulture (but not 
as much as animal products) so offer less return from valuable land close to 
populations; plus they are less perishable than horticulture so can be stored for 
periods of time and are less easily damaged in transit if needing to be transported 
longer distances. While broadacre crops can thus perform an important role in a 
future dietary mix, it is suggested that reducing the proportion of these products 
(which is currently at 37 percent of the diet1100) would free up extra land for 
horticultural production, to support more people from the same amount of land. 
In the context of future localised self-sufficiency, animal products need to be 
viewed differently than as the every-day commodities which characterises their 
current consumption. Dashboard modelling1101 suggests that nationally at present, 
animal products comprise about 36 percent of the standard Australian diet, but utilise 
98 percent of the population’s food land requirements (82 percent red meat, 14 
percent dairy, 2 percent white meat). Given that animal products require such large 
areas of land, in future, in order to optimise both environmental and population 
outcomes, it is suggested that their consumption be tailored more closely to localised 
land availability. For instance, land capable of growing crops should first be used for 
that purpose rather than for meat production. Then, animals can fill in the niches left 
over from other more intensive forms of food production, including the grazing of 
land that otherwise might not be agriculturally productive. Fairlie1102 explains that 
changing the role of farm animals from large-scale commodities to small-scale 
farming assets can increase localised carrying capacity and also improve 
                                                 
1100 See Chapter 9.7 Comparison by food groups and timeframe. 
1101 See Chapter 9.7 Comparison by food groups and timeframe. 
1102 Fairlie, Meat: A Benign Extravagance., 278 
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environmental outcomes. For example, he recommends a closer integration of 
animals within a whole agricultural system. Such initiative would include: 
 Using animals to maintain cleared land.1103 Given that traditionally, 
aboriginal people used spot-fires to clear the landscape in order to avoid 
the build-up of undergrowth culminating in destructively large fires,1104 
grazing animals could be seen to perform the same function. Orchards 
might also be kept clear of undergrowth in this manner. 
 Encouraging grazing animals to transport nutrients from non-cropping 
land to cropping land.1105 When animals are grazed on land of lesser 
quality or land difficult to access during the day and then returned to 
cropping land at night (prior to the planting of crops), their manure 
effectively transfers fertility to cropping land. 
 Rotating animals into previously cropped paddocks to eat residues and 
improve fertility.1106 
 Using draught animals as traction. Fairlie1107 argues that this pre-
industrial approach to ploughing and transportation may need to be re-
adopted in a post-fossil fuel world. 
 Using chickens and pigs to transfer otherwise inedible waste such as food 
scraps into animal protein (eggs and meat).1108 
 Using the mobility of livestock to drove animals to market rather than 
trucking them.1109 
 These initiatives suggested by Fairlie are unlikely to work successfully under 
current large-scale farming procedures because, by and large, they require more 
intensive farm practices and subsequently more human labour; a factor currently dis-
incentified by a market-driven economy characterised by expensive labour. 
However, future energy constraints may mean that a greater percentage of the 
population are engaged in agricultural pursuits, so these small-scale animal 
husbandry procedures may become both economically viable and energetically 
necessary. 
                                                 
1103 Ibid., 273 
1104 Gammage, The Biggest Estate on Earth: How Aborigines Made Australia. 
1105 Fairlie, Meat: A Benign Extravagance., 273 
1106 Ibid., 278 
1107 Ibid., 278 
1108 Ibid., 278 
1109 Ibid., 281 
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This small-scale approach to agriculture also means that the landscape should be 
examined at a fine grain in order to ascertain which parts are too sensitive or too 
environmentally valuable for any form of farming, including the grazing of animals. 
Given that large tracts of land in Australia are only of sufficient quality for the 
grazing of animals1110 at extremely low densities in areas that will also support very 
few people, it is suggested that much of this land should be returned to a more 
natural state and pastoral activities abandoned altogether. Other land areas currently 
under pasture, could also be dedicated to sustainable forestry, because, as fossil-fuels 
are withdrawn from the production of construction materials (such as concrete and 
steel) and heating sources, timber for firewood and building materials may be more 
in demand. 
The simple idea of communities aiming to live largely within the carrying 
capacity of their regional environment would completely transform current trends in 
urban design. Rather than continued densification of populations into city centres,1111 
it would facilitate a regionally-based urban settlement pattern with self-sufficient 
communities dotted throughout the landscape. It would demand a decision-making 
process where society’s population strategy, its diet, built form, energy systems and 
its entire urban framework would be based primarily on the ability of the local 
physical environment to supply the population’s resources and assimilate its waste. 
Perhaps most importantly, such an approach would accommodate, preserve and 
enhance its natural places for the maintenance of ecosystem services. Long-term, a 
carrying capacity based approach to planning implies dramatic and far reaching 
consequences to where and how we live. 
An important way to improve on analysis offered by the Dashboard in the arena of 
land-use planning, is the generation of two new sets of data: smaller-scale existing 
land-usage and land suitability data (at equivalent scales to the existing land-use 
data). At present the Dashboard reflects on existing land-use at the regional scale but 
ideally, existing and potential land usage analysis should be included to reflect both 
the status quo and potential future changes in land-usage. Nationally, there are two 
datasets of land-usage figures made publicly available (ACLUMP’s Land Use of 
                                                 
1110 Gordon H. Orians and Antoni V. Milewski, "Ecology of Australia: The Effects of Nutrient-Poor 
Soils and Intense Fires," Biological Reviews 82, no. 3 (2007). 
1111 Currently two-thirds of Australians live in the capital cities. Australian Bureau of Statistics, 
"Population by Age and Sex, Regions of Australia, 2011,"  (Commonwealth of Australia, 2012).. 
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Australia1112 documentation and the ABS’s Agricultural Commodity publications1113) 
and while there exist some discrepancies between most categories of these two 
sets,1114 at least the information has national coverage and the collection methods 
have been well documented and consistent over time. The collection of Australian 
land suitability mapping, on the other hand, has been less transparent.1115 While land-
use mapping documents current landscape utilisation, suitability mapping makes 
judgements about potential uses of the landscape based on attributes such as soil, 
climate, slope, terrain and existing soil degradation.1116 In Australia, land suitability 
data is either incomplete1117 or inconsistently recorded across the regions,1118 is not 
captured at the same scales as yield data, there is no central repository of data1119 and 
even the classification systems vary from place to place.1120 It is thus suggested that 
priority should be given to the creation of a national repository for agricultural land 
suitability data administered by ASRIS at scales consistent with agricultural yield 
data so that correlations can be made between the two datasets for carrying capacity 
purposes. 
While the relationship between a landscape and its inhabitants already forms the 
basis for existing land-use planning, a carrying capacity focus also offers a way to 
better measure the relationships between these aspects. In fact, it is suggested that the 
assessment of these biophysical constraints should form an essential part of future 
land-use planning practice. The biophysical limits imposed on Australian and global 
populations are likely to dramatically alter the lifestyles of future generations. In 
order to facilitate sustainable and equitable choices in this transition and to uphold a 
duty of care incumbent on the planning profession, it is suggested that carrying 
capacity assessment take a more central role in finding the best socio-environmental 
balance. Complete regionalised self-sufficiency may not be an ultimate goal, but 
increasing it certainly should be, and carrying capacity assessment can help guide 
this transition. 
                                                 
1112 ABARES, "Land Use of Australia." 
1113 Australian Bureau of Statistics, "Agricultural Commodities Australia 2008-09." 
1114 See Chapter 8.2 Land-use parameters. 
1115 See Chapter 5.4.3 Regional. 
1116 Paul Smith et al., "Developing a Land Capability System for the Western Plains of New South 
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Australia: 2004)., 2 
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11.4 Environmental management 
The path to a truly sustainable socio-environmental system will require a different 
mind-set concerning environmental management. The current mainstream view of 
the environment is typified by the diagram of discrete systems (environment, society, 
economy) published in the Australian Government’s recent population strategy1121 
(Figure 1a). Any notion that the environment is merely a remote piece of green 
landscape featuring the animals and plants banished from the city, may allow 
individuals to form the misguided view that exceeding the carrying capacity of their 
environment is of little societal consequence. A more realistic view of society would 
see it as existing entirely within, and being totally dependent upon a whole 
environmental context (Figure 1b). We are, in fact, always within the environment 
and our resource consumption patterns and ecological protection mechanisms serve 
to mould the state of the environment in an ongoing manner. Unfortunately, at 
present, our societal systems are unsustainable: global population growth and 
ecological damage continues unabated1122 and consumption and production systems 
are entirely reliant on non-renewable resources which will not last.1123 As Michael 
Pollan1124 points out, unsustainable is “a word that’s been so abused we’re apt to 
forget what it very specifically means: Sooner or later it must collapse.”  
Carrying capacity assessment processes provide society with a way of 
determining its reliance on the environment for its resources. It is simply a method of 
environmental accounting so forms one crucial step towards socio-environmental 
sustainability. Other steps on that path involve new ways to produce, process and 
consume our resources as well as a closer integration of environmental protection 
practices into everyday life.  
A fully integrated societal process of environmental accounting would use 
carrying capacity assessment to determine its demands on the environment. 
Importantly, the next step would be to consider whether the environment is capable 
of sustaining the societal practices proposed by that society including the population 
size and its consumption habits. Additionally, decisions concerning the role of nature 
reserves would need to take place. While the Dashboard allows users to allocate a 
                                                 
1121 ———, "Sustainable Australia - Sustainable Communities. A Sustainable Population Strategy for 
Australia.", 7 
1122 Dilworth, Too Smart for Our Own Good: The Ecological Predicament of Humankind., 362 
1123 Ibid., 431 
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certain size of land for nature reserve, it does not currently suggest the location or 
distribution throughout a certain area. There is thus an important role for carrying 
capacity modelling top play in the relationship between land used for human 
resources and land dedicated to biodiversity. Tools like the Dashboard can help to 
estimate the amount and type of land required for resource production but this 
analysis will need to be complimented by fine-grained environmental management 
practices to identify where nature reserve areas should be best located and managed.  
Once environmental protection mechanisms have been established, it will also be 
necessary to manage the non-nature reserve areas equally sensitively. For example, 
sustainable resource production will need to involve closed loop cycles where inputs 
such as soil fertilisation and irrigation are sourced renewably, impacts are absorbed 
by the landscape without any long-term harm and waste is returned to the land as an 
asset rather than a liability. These processes need to occur, “more in keeping with the 
logic of nature.”1125 Such closed-loop systems will inevitably need to be self-
sufficient on a more local scale than is evident today because more human waste, 
particularly sewage and food waste,1126 will need to be directly returned to the land 
from which it originated and less fossil fuel availability will make the long distance 
transport of such waste more difficult. 
One example of the production of food from closed loop cycles is Polyface Farm 
in the United States. This 222 hectare farm manages to produce 30 thousand eggs, 
over 11 thousand chickens and turkeys and over 22 thousand kilograms of beef and 
pork per year with minimal external inputs. The farm’s owner Joel Salatin, explains 
that one of the keys to such high productivity is the proportion and placement of 
forest on the property, with 82 percent of his farm dedicated to the growing of 
trees.1127 Salatin explains that the trees perform a multitude of functions: storing 
moisture, shading creeks to prevent evaporation, shading animals to avoid heat-
stress, stopping erosion, providing wind breaks, improving biodiversity thus 
increasing natural predation of unwanted pests as well as supplying firewood and 
compost chips. Polyface Farm provides but one example of the types of practices 
necessary in the future where natural habitat and farmland co-exist at the small-scale 
in a way that allows both to function in a productive and healthy manner. 
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11.5 Systemic revolution 
Various civilisations have reached their carrying capacity in the past; some have 
collapsed and some have managed to revolutionise their societal systems in order to 
avert disaster.1128 As Cohen1129 explains, once a society reaches a point of carrying 
capacity crisis, in order to expand or maintain the higher population, there are four 
ways in which ameliorative action can be employed: exploitation of new territory 
through migration or trade, increase the extensive use of the landscape (a form of 
cultural change), store surpluses (a re-allocation of resources) and/or increase the 
intensive use of the landscape with technological change. Analysis from the Carrying 
Capacity Dashboard allows further exploration of these potentialities.  
11.5.1 Migration and trade 
At present, localised carrying capacity overshoot is avoided through the trade of 
resources, particularly at the national and global scales from outside each 
population’s locale. This strategy is facilitated by a global fossil-fuel powered 
transport system which distributes vast amounts of food and resources across the 
country and around the world. However, if the global transport network should fail, 
this inferred local overshoot would become explicitly and painfully obvious. While 
such interruptions to global and national trade may be overcome in the short-term 
with emergency supplies, this will not work in the long-term as such supplies will 
no-doubt quickly dwindle. 1130 One way to avoid such vulnerabilities is for the 
population to move permanently closer to the resource-base. In other words, 
migration can replace trade as a mechanism for carrying capacity optimisation. 
Dashboard modelling highlighted the regions that are currently over capacity and 
under capacity1131 so a more locally self-reliant resource system would see 
populations move from the former to the latter. Of course, it is acknowledged that 
migration from Australia’s over-capacity urban centres to regional areas is not likely 
to occur in any significant numbers unless there exist strong reasons for people to do 
so. Currently, the trend is quite the opposite. For instance, during the twentieth 
century the proportion of people living in inland Australia fell from 61 percent to 17 
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percent of the nation’s population and this trend still continues.1132 From a 
localisation perspective these figures are even worse because most of this decline is 
occurring in the smallest country towns with 4000 people or less,1133 and economic 
drivers are forcing farms to become bigger rather than smaller.1134 One further 
complication to the over-capacity predicament is the potential for global migration to 
also increase, placing further pressure on the ability of the Australian landscape to 
support the population. Politician asylum seekers and climate change refugees are 
two potential types of international migrants which could increase in numbers in the 
future.1135 At present, the large majority of refugees settle in metropolitan areas,1136 
which only reinforces existing trends towards greater urbanisation. However, if these 
immigrants were directed towards regional carrying capacity-based settlements, they 
potentially could provide a precedent for subsequent domestic population 
redistribution. For instance, Taylor1137 recommends that regional refugee settlement 
plans should include an assessment of a local community’s capacity to provide 
sustainable employment, affordable housing and rates of influx. Alternatively, if this 
list also included an aim for increased self-sufficiency, then a biophysical assessment 
of the landscape’s ability to support the new population could also be added.  
One example of a potential climate change displaced population is the entire 
nation of Tuvalu. Tuvalu is a small Pacific Island nation which confronts the real 
possibility of complete inundation from sea-level rises. One solution which would 
help to preserve some semblance of Tuvaluan culture would be for a mass migration 
of the entire population of about ten thousand. A community organisation, the 7Cs 
initiative, has proposed such a relocation to Australia as an exemplar rurban 
community living within the carrying capacity of its immediate landscape for its 
basic necessities. They argue that this approach would, “not only celebrate and 
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elevate Tuvaluan culture but would also offer exemplary community and urban 
design outcomes from which all other cultures could learn.”1138 
Dashboard modelling explored propositions for the internal movement of 
Australia’s population in order for it to reach carrying capacity at a regional scale. 
While the suggestion of a mass-exodus of populations from Australia’s major cities 
may seem melodramatic, it is argued that some degree of de-centralisation of the 
population in the future will be necessary. Prior to the industrialised introduction of 
fossil fuels to agricultural practice in Europe, for example, only about half the 
population were able to be supported in non-agricultural activities by the farming 
population.1139 Today, a mere five percent of the population is able to produce the 
food for the remaining 95 percent.1140 However, if fossil fuels are to be withdrawn 
from this agricultural system, it stands to reason that more human-powered labour 
will be needed in agricultural activities such as planting, harvesting and weeding. 
Perhaps future regionalisation might not be as dramatic as pre-industrial levels, but 
nevertheless, it is likely to necessitate some movement of the population. If this 
migration is to occur at the geographic scales analysed in the Dashboard, the Murray-
Darling Basin and South-west corner of Australia are regions apparently most able to 
support increased self-reliant populations.1141 In this case, however, it would be vital 
that increased population not jeopardise productivity by the building of non-
productive infrastructure on good quality agricultural land. 
Various federal, state and local government initiatives have already been tried in 
an effort to retain existing rural residents and entice more people to regional 
locations. Examples include attempts to improve local employment and educational 
opportunities, incentives to encourage graduates to accept jobs in remote regions, 
encouragement of mature workers or retirees to take advantage of cheaper housing 
and lifestyle opportunities in country towns and community or government 
sponsored overseas migration schemes.1142 Despite these initiatives, Australia’s rural 
population continues to decline. 
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It is proposed that a redistribution of Australia’s population would help to 
alleviate many of the problems associated with future carrying capacity overshoot. 
However, there is still likely to be some resources which are not well suited to 
localised production. For instance, mineral deposits are unevenly distributed across 
the continent,1143 so some regions are likely to have excess mineral resources and 
others little or none, necessitating the continuation of trade in these commodities. 
However, mining activities currently make up only ten percent of Australia’s total 
infrastructural land requirements1144 and most other intensive land uses such as water 
storage (33 percent of infrastructure land), residential (12 percent) and recreation 
land (ten percent) can more easily be accommodated within a localised boundary. 
Hardin1145 also concurs that ideally only essential resources in very short supply 
locally should continue to be traded on the international market. Otherwise, he 
argues that, “parochial distribution of resources should be matched by parochial 
consumption.”  
There is an historic example of population redistribution on the basis of carrying 
capacity modelling. In the 1940s, William Allan, Assistant Director of Agriculture 
under the British colonial rule of Northern Rhodesia, conducted a carrying capacity 
assessment of the Eastern and Western Provinces of the colony and deemed that in 
order to redress an imbalance in population distribution, people from over-capacity 
regions should move to under-capacity regions.1146 Allan planned to relocate 160,800 
Rhodesians to “re-establish a population-land balance on the basis of the traditional 
agricultural systems”1147 and between 1942 and 1945 moved about 52,000 people. 
While Allan1148 suggests that this migration was conducted voluntarily and with the 
welfare of the local inhabitants in mind, Sayre1149 argues that, “it is patently clear that 
relocations took place under duress,” and that, “the overriding imperative was 
increased production and labor exploitation.” This example serves to illustrate that 
any contemporary forced governmental relocation of people is unlikely to be 
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successful if there exists no obvious incentive for such an intervention. Allan may 
well have been correct that some of Northern Rhodesia’s population were over-
capacity for their traditional agricultural systems but it is unclear that the local 
inhabitants took the same view. Nor is it clear that they took any responsibility for, or 
were even aware of, their own carrying capacity assessments. Without such 
awareness and ownership of the carrying capacity predicament by the population 
itself, such forced relocations are unlikely to be popular or successful, thus 
highlighting the need for the education of the population concerning carrying 
capacity issues.1150 
11.5.2 Consumption habits 
Cohen’s second strategy for extending population carrying capacity is to exploit 
existing territory more extensively.1151 Historically, this approach is seen in a change 
in a population’s diet and behaviour such as a when the extinction of the world’s 
megafauna necessitated a dietary change to higher proportions of vegetables and 
seeds in people’s diets. In a contemporary context, this strategy means adjusting 
societal expectations to match the productive capacity of the landscape upon which 
they are supported. As Hardin1152 asserts, “people who live in Spitzbergen should not 
assert their right to tropical beaches, nor people in Bali their right to skiing.” 
Dashboard modelling suggests various ways in which consumption patterns affect 
carrying capacity. 
The testing of determinants of self-sufficiency at various scales in the Dashboard 
offers much insight into land-use planning and human consumption issues. For 
instance, it was found that eliminating current unnecessary food wastage in the food 
supply chain could increase carrying capacity by about ten million people.1153 
Additionally, it was found that meat and animal product consumption accounts for 
the largest area of food-land requirements by a wide margin. However, red meat, in 
particular, tends to be produced on land of lesser agricultural quality and in Australia, 
this makes up the vast majority of the landscape. So, while changes in diet can affect 
projections of population carrying capacity, the factor determining maximum 
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carrying capacity is often the proportion of cropping land to pasture land within any 
one region. If an excess of pasture land exists, then changes to diets with less meat 
do not increase carrying capacity. In fact, such dietary changes may actually decrease 
carrying capacity. 
While dietary changes that necessitate an increase in lesser quality land, such as 
pasture, can sometimes reduce carrying capacity, this is not the case for the 
production of biofuels due to the fact that such production competes directly with 
good quality crop-growing land. Consequently, the Dashboard indicates that biofuel 
production in any quantity reduces carrying capacity so any redirection of 
agricultural land usage to fuel production should be considered very carefully. 
One conclusion drawn from this research in relation to consumption patterns and 
carrying capacities is that each region exhibits different productive characteristics so 
the only way to optimise regional consumption is to make carrying capacity 
assessments on as small a scale as possible. Once this is achieved locally, a 
community wishing to optimise their consumptive habits while living within carrying 
capacity must tailor their actions to the productive capacity of their own landscape. 
For instance, if there is an abundance of cropping land, then meat consumption 
should be more restricted than for a population living within the carrying capacity of 
a landscape with greater pasture land (and less cropping land). 
11.5.3 Temporal re-allocation of resources 
Cohen’s1154 third strategy of systemic change involves adjusting to seasonal 
availability of food supplies by way of food preservation techniques. Whereas trade 
involves the spatial re-allocation of resources, this strategy involves the more 
extensive use of existing territory through temporal re-allocation. 
Industrialisation changed the way in which food was stored. Prior to the ability of 
a fossil fuel powered transport systems to move fresh food across the globe 
overnight, more locally self-reliant populations needed to prepare for less-productive 
times of the year by storing any surpluses. Traditional preservation techniques thus 
included drying, pickling, salting and stewing.1155 Future populations with a much 
higher degree of resource self-sufficiency are likely to return to such practices in 
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order to meet their resource needs year-round.1156 Whether this practise increases or 
decreases the productive return from food crops would depend on wastages in the 
current system compared to likely wastages under a localised storage regime. It is 
thus unclear whether such a change would increase or decrease localised carrying 
capacity, but it would undoubtedly effect the way in which carrying capacity is 
assessed. For instance, in Dashboard modelling, the proportion of fresh and 
processed food in the Australian diet was modelled in similar amounts regardless of 
the region. However, it is possible that in the more extreme climates this may not be 
the case, and some storage of surpluses between the more-productive and less-
productive times of the year may be necessary. This approach was adopted by Peters 
et al.1157 in their carrying capacity assessment of New York State. Their modelled diet 
is made up of both winter and summer fruit and vegetables, with the winter foods 
predominantly entailing frozen or canned produce while in summer it is mostly fresh. 
This more locally targeted consumption pattern is thus the better option as it more 
accurately reflects the way in which food would need be stored on a locale by locale 
basis in order to meet year-round carrying capacity production. 1158 However, in order 
to maintain accuracy, an estimation of the mode of storage needs to be included in 
the modelling because various techniques may result in differing edible yields. 
11.5.4 Systemic change 
Cohen’s fourth strategy in the avoidance of carrying capacity overshoot is to increase 
the productivity of the landscape through technological and systemic change.1159 This 
historical occurrence was recognised as early as 1798 when Malthus1160 stated that, 
“population does invariably increase when the means of subsistence increase.” Since 
this claim was made, modern technologies underpinned by cheap and plentiful fossil 
fuels, have indeed dramatically increased the capacity for human subsistence and in 
accord with Malthusian predictions, the population has grown accordingly.1161 If, as 
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Catton1162 suggests, the global population is currently in overshoot, then a further 
technological revolution would be required to bring the global carrying capacity up 
to, and beyond, the global population. The overriding question in response to this 
statement is, is this possible? 
Modern agriculture is so reliant on non-renewable resources1163 in the form of 
fertilisers, pesticides, and transport fuel,1164 that Bartlett1165 succinctly says that, 
“[m]odern agriculture is the use of land to convert petroleum into food.” This is 
particularly true in the Australian context where natural soil fertility is generally low 
by international standards. As Fleay1166 points out, “[f]ertilisers have played a key 
role in offsetting nutrient-poor soils for our agriculture this century,” and a, 
“dramatic twenty-fold increase in nitrogen fertiliser use has occurred since 1965.” 
The majority of this nitrogen is drawn from industrially produced sources. For 
instance, according to Pimentel,1167 90 percent of the energy in crop production 
comes from oil and natural gas. Even alternate agricultural processes such as organic 
farming currently use large amounts of fossil fuel energy, with a study by Gelfand et 
al.1168 finding that the use of onsite energy in organic farms in the U.S. was equivalent 
to conventional no-tillage farming practices.1169 With such a heavy contemporary 
reliance on fossil fuels for the production of the global food supply, it will be 
necessary to develop new systems of global agricultural production as fossil fuels are 
withdrawn from future societal use, if carrying capacity crisis is to be avoided. 
Genetically modified (GM) crop production is seen by some as the next 
technological revolution which can help to feed an ever-increasing global population. 
For instance, GM proponents argue that it can increase crop yield,1170 improve 
nutritional quality,1171 reduce environmental impact by lowering the use of toxic 
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agrochemicals,1172 prolong fruit and vegetable shelf-life1173 and produce food in areas 
not otherwise suited to cultivation by, for instance, increasing resistance to 
drought.1174 Regardless of disputes to many of these claims,1175 the main problem in 
anticipating a GM-led agricultural revolution is the fact that it relies almost entirely 
on a large-scale, globalised, fossil-fuel reliant production and delivery system within 
the context of conventional farming practice. For example, GM herbicide tolerant 
soybeans comprise the largest area of any GM crop currently grown in the U.S.,1176 
but this crop is entirely dependent on existing large-scale agriculture. For instance, 
economic viability of GM seed manufacture is made possible by its large-scale 
production.1177 Likewise, sowing the seed, spraying the plant with agrochemicals, 
irrigating it, harvesting the crop, transporting it to a factory and processing it are all 
procedures reliant on a fossil-fuel powered energy system. Consequently, 
Youngquist1178 argues that crop yield gains made possible by genetic engineering are 
likely to be diminished in the future when less fertilizer and petrochemicals will be 
available. He continues that, “it is doubtful that another great productive ‘green 
revolution’ leap forward can be made in the future.” 
If there is to be revolution which sustains the current population carrying capacity 
or even facilitates an increase, it will need to be one based on low energy inputs, 
most probably instituted at the local level.1179 It is unlikely that much virgin land will 
be able to be brought under agricultural production,1180 either in Australia or 
elsewhere, but a more thorough analysis of current land-usage may lead to re-
allocation of land-types with some potential for increases in carrying capacity. 
However, any such changes may need to be offset with a reallocation of existing 
agricultural land to that of nature reserve in order to restore ecological balance.1181 
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Brown1182 outlines a vision for a sustainable future in Australia which he describes 
as representing a major regression to traditional farming. This approach entails 
complete recycling of urban sewage and food waste, extensive decentralisation of the 
population, an increase in physical farm labour, localised self-sufficiency in food and 
small farms characterised by draught animals, more trees, a wide range of crops and 
a lack of dependence on irrigation. 
Fairlie’s1183 vision for a sustainable land-use system in Britain is similar to 
Brown’s, but he describes it as a Permaculture economy1184 involving increased 
integration of the population’s lifestyle with natural and renewable cycles. He also 
suggests that such changes would necessitate an overhaul of existing human 
settlement patterns and land management systems entailing the recycling of onsite 
nutrients and manures, intercropping and an integrated pest management approach. 
1185 He states, “[t]his is a society in a state of energy descent, with increasing 
dependence upon renewable resources and (consequently) a localized economy, 
more integrated with natural processes.”1186 
The peaking and eventual dwindling of fossil fuels in agricultural production will 
inevitably necessitate a revolution in how our food, fuel and fibre are produced. 
From our current vantage point of industrialised abundance, it is difficult to know 
with much accuracy how many people a future post-fossil fuel world will be able to 
support if they should adopt a permacultural or polycultural agricultural system 
because the systems laid out by Brown and Fairlie for a future population in energy 
descent, have not yet been adequately tested. For instance, it was the aim of this 
research to include polycultural production as a choice of farming systems (along 
with organic and conventional systems).1187 However, so little peer-reviewed research 
has been published on yields for polyculture production, that its inclusion was 
deemed to be unreliable. Vandermeer1188 argues that the benefits of polyculture 
include higher yields, better protection against pests, more efficient use of available 
resources, an evening out of labour requirements, a more balanced human diet and 
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better responsiveness and adaptability to stress.1189 Geno and Geno1190 concur that, 
“[t]his is exactly why traditional farmers over most times and areas have farmed 
polyculturally: because it is adaptive to reduce risk.” While indications exist that 
such approaches can help society meet the carrying capacity limits imposed by 
biophysical constraints in a post-fossil fuel world, as Vandermeer1191 also sums up, 
“[e]vidence is not yet conclusive.” 
11.6 Governance 
According to the input-output model proposed by this research,1192 there are two ways 
in which human activity can interact with biophysical carrying capacity: resource 
usage and environmental impacts. These two factors are thus the points at which 
government intervention could affect real change. Paul Gilding1193 suggests that the 
only way in which the astronomical scale of societal transformation necessary to 
realign society with a sustainable future is likely to occur is with strong government 
which fully supports such change. At present this is not the case. Rather, there is 
some attention given to alleviating environmental impacts such as pollution, but little 
to no priority for resource constraints such as peak oil. 
The focus of most government policy related to Australia’s carrying capacity to 
date has revolved around the environmental impacts such as pollution and climate 
change. Strategies to deal with climate change, such as the Australian Government’s 
carbon pricing scheme have been warmly welcomed by some environmental 
groups1194 but it is widely acknowledged that its impact on reversing global climate 
change will be minimal unless such practices are expanded world-wide.1195 Another 
example of government policy which has made inroads into the alleviation of 
environmental impacts is the issue of recycling where, according to the 2011 
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Australian State of the Environment report,1196 tens of millions of tonnes of solid 
waste was diverted from landfill into productive uses between 1996 and 2009, due to 
direct government intervention. This report reaffirms the view that government 
approaches to date have concentrated on dealing with biophysical damage rather than 
biophysical resourcing when it states that the major drivers of change in the 
Australian context, “are historically related to environmental impact,” and that 
without a significant redirection in government policy, “we can expect these 
relationships to continue into the future.” 1197 
Rather than environmental impacts, the focus of this research has been on the 
provision of resources, and so policy recommendations thus also focus on this issue. 
Given the emphasis on impacts at a government level, it would appear that policies 
related to sustainable resourcing have often gone neglected by politicians. One 
exception to this rule is the Queensland Minister for Sustainability, Climate Change 
and Innovation from 2007 to 2009, Andrew McNamara, who released a report 
focussing on peak oil in 2007.1198 In this document McNamara1199 outlined various 
policy recommendations which encourage, “a more localised style of living that 
supports local supply chains.” Lenzen and Murray1200 concur, in stating that methods 
of ecological footprint analysis, “with a focus on regional problems are more useful 
for policy design, since most policies are designed and implemented at a regional 
level.” Many of McNamara’s suggestions have also been incorporated into the 
following policy recommendations: 
 Invest in compact, liveable, walkable and affordable settlements, housing 
and work environments that reduce reliance on cars.1201 
 Provide affordable and well serviced public transport to population 
centres.1202 
 Encourage opportunities for local industry1203 including home-offices, 
home-manufacturing, home-shops, shared-spaces and cottage industries. 
                                                 
1196 State of the Environment 2011 Committee, "Australia State of the Environment 2011.  
Independent Report to the Australian Government Minister for Sustainability, Environment, Water, 
Population and Communities,"  (Canberra: Commonwealth of Australia, 2011)., 57 
1197 Ibid., 61 
1198 Queensland’s vulnerability to rising oil prices taskforce report: McNamara, "Queensland’s 
Vulnerability to Rising Oil Prices Taskforce Report." and Towards Oil Resilience Community 
Information Paper: Andrew McNamara, "Towards Oil Resilience Community Information Paper,"  
(Brisbane: Queensland Government, 2007). 
1199 McNamara, "Towards Oil Resilience Community Information Paper.", 19 
1200 Lenzen and Murray, "A Modified Ecological Footprint Method and Its Application to Australia.", 
230 
1201 McNamara, "Towards Oil Resilience Community Information Paper.", 19 
1202 Ibid., 19 
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 Retain and enhance green space and agricultural land in and around 
population centres and actively encourage locally produced basic 
resources such as food,1204 fibre and fuel that do not rely on long freight 
distances. 
 Develop future urban areas as integrated communities with appropriate 
connections and accessibility to surrounding townships.1205 
Above all else, McNamara1206 recommends urgent governmental action in 
response to this potential crisis, stating that peak oil is inevitably, “going to happen 
anyway so why not start now and develop the policy frameworks needed.”1207 
McNamara’s policy recommendations are all essential ingredients to a future post-
peak oil world. However, his role as an elected representative meant a bias away 
from issues that fundamentally undermine the state-based system. Lenzen and 
Murray1208 suggest that, “a truly comprehensive assessment of policy options would 
need even further information about the nature of and driving factors for 
disturbances, the sustainability of grazing activities, as well as economic, political, 
climatic, and resource-related constraints.” 1209 It is thus suggested that carrying 
capacity assessment should inform future policy initiatives at the regional and local 
scale, with an aim to not only determine the productive potential of each small-scale 
area, but eventually, with the intention of living within those constraints locally as 
much as possible. In order to ultimately achieve this aim, this research suggests 
further recommendations which are more far-reaching than those introduced by 
McNamara. In some cases, the following policy initiatives tend to question the very 
nature of existing government structures. In accord with the proposal that localised 
                                                                                                                                          
1203 Ibid., 19 
1204 Ibid., 20 
1205 Ibid., 20 
1206 ———, "Queensland’s Vulnerability to Rising Oil Prices Taskforce Report.", 8 
1207 While the Queensland State Government does maintain policy objectives that include aspects such 
as the promotion of liveability and affordability), direct policy initiatives addressing peak oil have 
been minimal. For instance, peak oil is not stated in the most recent Southeast Queensland Regional 
Plan. Instead, there is just one goal to reducing car dependency. Queensland Government, "South East 
Queensland Regional Plan 2009 - 2031," ed. S Hinchliffe (Brisbane: Queensland Department of 
Infrastructure and Planning, 2009). (———, "South East Queensland Regional Plan 2009 - 2031."). 
McCarthy argues that this minimal approach by the Queensland State Government, “does not address 
the immediacy, severity or complexity of the peak oil problem, or the urgency of implementing 
comprehensive mitigation strategies.” S McCarthy, "Beyond Business as Usual: Peak Oil and the 
Southeast Queensland Regional Plan - Submission to the Queensland Department of Infrastructure 
and Planning on the Draft South East Queensland Regional Plan 2009-2031,"  (Brisbane: ASPO, 
2009)., 1 
1208 Lenzen and Murray, "A Modified Ecological Footprint Method and Its Application to Australia.", 
230 
1209 Ibid., 248 
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community-based responses to problems are more likely to result in greater potential 
sense of ownership and responsibility for those affected,1210 it is suggested that the 
following initiatives should occur at a scale of governance which is as small as 
possible for the intended outcome. For example, in the case of standardisation of 
procedures across the continent such as the methods for land suitability mapping, a 
national scale may be most appropriate. Alternatively, the actual collection of 
carrying capacity assessments and land suitability mapping data may be best 
accomplished at a local or regional scale. However, given an overall 
recommendation for more localised future decision-making processes, it is expected 
that each initiative should occur at the smallest scale practicable and with as much 
community input and participation as possible. Recommendations include: 
 Expand constraints mapping. All regions should conduct both land 
suitability mapping (in order to ascertain potential future usage) and 
carrying capacity assessments. While it is anticipated that with sufficient 
training, each local region may be best suited to conduct their own 
assessments, in order to maintain consistency and legibility between 
regions, a consistent approach to land grading scales, yield data 
collection and carrying capacity methodology should first be determined. 
A central repository for these assessments should also be developed for 
easy access and comparison. 
 Redefine boundaries. This involves delineating a new set of boundaries 
to define future localised self-sufficiency in essential resources. These 
boundaries should be defined more by geological and hydrological 
features (e.g. waters catchments) than current political alignments. In 
fact, it should be a long-term aim to replace current political boundaries 
with these geographic ones so that governance is generally reflective of 
the land by which populations are supported. It is envisaged that such an 
approach would eventually lead to the dismantling of current state and 
local boundaries to be replaced by a map that may look more like the 
original aboriginal boundary delineation (Figure 31: Map of Aboriginal 
Australia). 
 Strengthened government oversight. More stringent control of 
agricultural land-use management practices are required in order to avoid 
any loss of long-term productivity. This would involve closer scrutiny of 
                                                 
1210 See Chapter 1. Introduction. 
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poor farming practice concerning contamination by agrochemicals, loss 
of soil quality, salinity, excessive land clearing and erosion. It is 
acknowledged that most farmers already have a strong desire for good 
stewardship but it also seems apparent that economic drivers can 
sometimes compromise these ideals.1211 To date, the use of Australia’s 
rural lands has remained relatively free of regulatory policies compared 
with urban land-use1212 and Williams and Walcott state that, “traditional 
Australian attitudes oppose regulation of the use of non-urban lands.”1213 
So, while this initiative is likely to be seen as an infringement of 
individual farmer’s rights, universal interests dictate that long-term 
carrying capacity not be compromised; necessitating intervention. 
 Enlist community support. Stricter regulatory standards on their own may 
not be enough to ensure compliance. For example, Bradsen1214 argues that 
previous legislative approaches aimed at farm-scale soil conservation 
were ineffective on their own. However, when support is offered to 
encourage broader community involvement, such as to the Australian 
Landcare initiative, environmental outcomes have historically been more 
successful.1215 As Junor1216 points out, “[t]he group concept creates a 
constructive and positive environment for individuals to learn about 
issues, contribute and participate in planning and discussions and 
develop a greater depth of understanding of a broad range of land 
management and conservation matters.” Consequently, more stringent 
oversight will need to go hand in hand with increased funding for 
community-led participation in conservative practices. 
 Encourage community participation at various scales. Carrying capacity 
issues are not likely to stop at the farm gate so some conservation and 
land-use management policies will need to be implemented at what Mues 
                                                 
1211 Williams and Walcott, "Environmental Benchmarks for Agriculture? Clarifying the Framework in 
a Federal System - Australia.", 157 
1212 L Cairns, Land Use Planning, ed. J. C. Noble and R. A. Bradstock, Mediterranean Landscapes in 
Australia: Mallee Ecosystems and Their Management (East Melbourne: CSIRO, 1989). 
1213 Williams and Walcott, "Environmental Benchmarks for Agriculture? Clarifying the Framework in 
a Federal System - Australia.", 157 
1214 J. R. Bradsen, Soil Conservation Legislation in Australia: Report for the National Soil 
Conservation Programme (Adelaide: University of Adelaide, 1988). 
1215 C. Mues et al., "Future of Land Use in Australia: An Economic Perspective," Land Degradation & 
Development 5, no. 2 (1994)., 139 
1216 As quoted in Mues et al. Ibid., 140 
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et al.1217 describe as the Integrated Catchment Management scale. Of 
course, this scale of implementation will be much less complicated if and 
when our political structures are re-aligned with such catchment-based 
boundaries (as suggested above in Redefine boundaries.) 
 Facilitate benchmarking of existing carrying capacity levels. The 
Dashboard and/or further targeted carrying capacity analyses potentially 
provide regions with the ability to ascertain their current degree of self-
sufficiency. It is recommended that regions should set aims for increased 
self-sufficiency as this would also improve their resource and food 
security.1218 In this case, an iterative process of carrying capacity 
assessment followed by localised resource production initiatives could be 
instigated. While smaller-scale benchmarking is highly recommended,1219 
this process is still possible at larger scales so could also provide 
valuable information and impetus for state and national authorities. 
Given impending energy constraints, it seems unlikely that existing societal 
structures, which have evolved to support a fossil-fuel powered world, will be able to 
survive unchanged in the long-term. Political structures in an industrialised world 
have largely been centred on nationalistic allegiances and economic market-forces 
have encouraged the global exchange of resources. Such large-scale dependencies 
may prove impossible to support without the cheap and abundant energy supplies to 
which modern society has become accustomed. Consequently, not only do the large-
scale means of resource production need replacing, but it is anticipated that the 
political structures upon which society is based, will also inevitably need replacing. 
In such a fundamental societal restructuring, the key transformation from our current 
system to a new one needs to stem from a view of priority setting. 
Currently, the predominant world-view prioritises the market-based economic 
system as the main filtering mechanism for societal action (as per Figure 1a). For 
instance, when current productive activity proves itself economically profitable, 
contemporary society not only condones it, but actively encourages it to grow. 
However, such an approach does not take into account the voices of those with 
greater needs but less economic influence. For example, the poor, the homeless, the 
young and even the other species on this planet are not often able to influence 
                                                 
1217 Ibid., 139 
1218 See Chapter 10.1.10 Fine-grain scale 
1219 See Chapter 10.1.10 Fine-grain scale 
    344 
societal action when their economic influence is small or non-existent. A population 
entranced by an overly economically-focussed systemic view can also too easily 
ignore biophysical landscape constraints until overshoot is reached and then passed. 
In other words, economics can often be a poor filtering mechanism for the 
prioritisation of human need. Consequently, the citizens of a more ethically 
orientated and biophysically realistic societal system should first ask the questions, 
To what extent is our landscape able to support us? and, Who, including the most 
vulnerable, will benefit? rather than, How much money can I make from this? 
Mochelle refers to this responsiveness to global and local priority needs as priaction 
(a combination of the words priority and action),1220 so the future societal system 
upon which this concept is built is a Priocracy.1221 The first principle of a new 
Priocratic society should be the recognition of society’s rightful place in the world – 
one entirely reliant on the biophysical landscape for our survival. This values-based 
approach is the underlying narrative that should underpin future societal governance 
mechanisms. 
11.7 Education 
The first educational aim of this research was to release an openly accessible, 
interactive carrying capacity model to the general public and this aim was realised 
with the release of the online Dashboard in March 2012. However, implications for 
wider educative implementation in the field of carrying capacity assessment are 
ongoing and include international participation, community engagement and 
involvement of schools and universities.  
The accessibility of the Dashboard has proven a success, with the visitation of 
over a thousand world-wide users testifying to its widespread appeal. However, it is 
notable that while about 70 percent of visits to the Carrying Capacity blog site were 
from individuals outside Australia, this proportion was smaller (at about 50 percent) 
for the Dashboard itself. This indicates that while there is general global interest in 
the topic, the fact that the Dashboard is Australia-centric means that its relevance to 
an international audience is more limited. It is thus important to broaden the 
                                                 
1220 Richard Mochelle, "Towards a New Constitutionalism: Developing Global Civic Responsibility 
through Participation in World Constitutional Deliberation" (RMIT, 2001)., 123 
1221 Mochelle states, “Priocracy is a priorities-responsive, global system of political economy whose 
primary purpose is to sustainably fulfil and protect the common interests of all people including future 
generations, other species and our shared ecological habitat.” ———, "Priocracy in Brief,"  
(Unpublished working document, sourced from author: 2012). 
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Dashboard’s geographic scope to include regional analysis in other countries. Given 
the difficulties in resourcing such an international project, the idea suggested on the 
Dashboard’s Online Forum of creating an open source platform has much appeal. As 
Mossotti1222 stated, such an approach would, “open the doors more to collaboration, 
development, feedback, and replication.” Each of these attributes has educative 
potential, with groups of contributors learning about the processes of carrying 
capacity assessment while developing their own versions and critiquing each other’s. 
It is envisaged that such involvement would serve to raise carrying capacity 
assessment modelling literacy as well as highlighting biophysical constraints in the 
local areas being assessed. 
Another important educative possibility of carrying capacity assessment 
modelling is its potential to facilitate scenario planning. Given the extent of 
transformational change proposed for future population control,1223 land-use 
planning,1224 environmental management1225 and governance initiatives,1226 the ability 
to test various future options will be invaluable in the process of socio-environmental 
design. Carrying capacity models thus offer communities the unique ability to test 
agricultural land-use, urban land allocation, consumption choices and population 
constraints on a small-scale basis. Davidson1227 suggests that this approach to 
community engagement may, “enable more cohesive values-based policy and 
planning, assisting in co-defining common knowledge and co-designing more viable 
futures.” 
Prior to such implementation, broad community awareness of the importance of 
such modelling and its reliability as an indicator of localised sustainable self-
sufficiency would also need to be discussed and appreciated by all community 
members through a community consultation process. Without such confidence in the 
veracity of the modelling, stakeholders may too easily evade difficult issues at the 
expense of universal interests. Additionally, an absence of any identification of the 
potential carrying capacity crisis underpinning such modelling would also too easily 
allow users to view the process as merely theoretical rather than a practical response 
to pressing issues. 
                                                 
1222 Eric Mossotti, 21 May 2012. 
1223 See Chapter 11.1 Population control. 
1224 See Chapter 11.3 Land-use planning. 
1225 See Chapter 11.4 Environmental management. 
1226 See Chapter 11.7 Governance. 
1227 Neil Davidson, Email, 15 November 2012. 
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Given that carrying capacity modelling needs to occupy a central role in future 
land-use planning decision making processes, a similarly prominent role in school 
and university curriculum should also be established. To date, only limited examples 
exist of carrying capacity-orientated curriculum.1228 However, the current carrying 
capacity predicament1229 and future responses to this crisis1230 compel educators of all 
levels to inform students of these issues and to teach them how to conduct their own 
modelling. Examples of educational possibilities include estimating the self-
sufficient potential of proposed developments by planning and architecture students, 
envisaging population redistribution according to carrying capacity constraints for 
social science students, investigating rurban development delineation using 
hydrologically defined boundaries for geography students and pursuing more elegant 
algorithms in the process of carrying capacity modelling for students of mathematics. 
In fact, all of these examples could be integrated into the one project, where small 
groups of students might collaboratively develop scenarios for a certain region, 
identify opportunities and constraints within the biophysical context and develop 
locally-orientated solutions based on their own carrying capacity modelling. It is 
envisaged that the introduction of such ideas to students may also help to inform 
their parents and the wider community. 
Another potential avenue for greater student engagement in carrying capacity 
modelling is through a games-like interface. Alexander1231 argues that electronic 
games in the educational context encourage skills in imaginative engagement, 
persistence, sustained interest and collaboration. To this end, the next anticipated 
iteration of the Dashboard is to be a scenario-based ‘game’ in QUT’s new Science 
and Engineering Centre, the Cube. In this version, users will be invited to adopt 
certain societal roles, such as being a government minister responsible for the 
environment, industry or agriculture. It is envisaged that groups of students can 
engage in the carrying capacity game concurrently and then eventually come to a 
resolution of the optimum set of carrying capacity parameters for any region based 
on a consensus-style decision making process which considers the complex 
relationship between competing agendas, biophysical overshoot and decision-making 
                                                 
1228 One example is Mochelle and Brisbin’s Rurban Design Charrette as part of QUT’s Bachelor of 
Architecture programme. Richard Mochelle and Chris Brisbin, "Rurban Systems Design Charrette,"  
(Brisbane: QUT, 2008). 
1229 See Chapters 5. Future global carrying capacity crisis and 4.1 Avoidance of carrying capacity 
constraints. 
1230 See Chapter 11. Implications of carrying capacity assessment-based societal planning 
1231 Gadi Alexander, Isabelle Eaton, and Kieran Egan, "Cracking the Code of Electronic Games: Some 
Lessons for Educators," Teachers College Record 112, no. 7 (2010). 
    347 
processes. While such topics as societal overshoot have extremely serious 
implications, the education process itself thus need not be oppressive. Instead, there 
is no reason why students might not also appreciate the challenge of balancing 
conflicting constraints in a supportive learning environment. 
Ultimately, the education of the population from primary school to adult learning 
should not only include instruction on the importance of carrying capacity 
assessment but also outline of the biophysical constraints which limit societal 
activity. Consequently, the relationship between the population and its environment, 
and the logical hierarchy whereby societal systems such as the economy are viewed 
as subservient to society, and society is subservient to the biophysical environment 
(Figure 1b) is paramount.  
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12. Conclusions and recommendations 
From the outset, this research asked the following questions: 
Within the Australian socio-environmental context: 
 
1. How have carrying capacity dynamics influenced societal behaviour 
historically and what relevance does this have? 
2. How are carrying capacity models best categorised and what types are the 
most appropriate? 
3. What components define existing international best-practise carrying 
capacity models and how might these aspects be incorporated into 
modelling? 
4. How can the theoretical aspects of carrying capacity assessment best be 
given practical application? 
5. What are the implications of carrying capacity assessment? 
In answer to Question 1, it was found that carrying capacity is likely to be the 
fundamental driver behind population growth virtually throughout human history. 
Historically, populations have faced the problem of the reaching of carrying capacity 
constraints in one of three ways: population collapse, systemic revolution and 
population stabilisation. The particular relevance that these potential responses have 
for contemporary society is that it is possible a new carrying capacity threshold may 
be approaching and it is a societal responsibility to carefully consider which of the 
three choices we may wish to pursue, and which choices may in fact be possible. 
An examination of the types of existing carrying capacity models (Question 2) 
highlighted five distinct categories: global, local – impact focus, local - societal 
focus, local – resource focus and whole system focus. It was determined that a 
resource-based approach was the most appropriate form of modelling for this 
research. 
Ten criteria were developed in answer to the third question of best-practice 
carrying capacity modelling. These are: whole-of-system, cultural habits, dynamic 
timeframes, risk management, constraints, explore alternatives, credible data, 
usability, future planning and fine-grain scale. It was found that each of these aspects 
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would need to be incorporated into carrying capacity modelling in different ways 
requiring a range of skills and data.  
A carrying capacity model was then constructed in answer to Question 4 and it 
was released publicly online in 2012. The 10 criteria for a best-practice model were 
used to inform both its construction and its eventual evaluation. 
Lastly, a range of implication of carrying capacity assessment were explored, 
including its pivotal role in population control and land-use planning and how it can 
inform future governance mechanisms and education strategies. 
The first three questions provide conceptual background to this research and have 
been addressed in Chapters 3 – 7. Question 4 is demonstrated with the development 
and testing of the carrying capacity model in Chapters 8 – 10 and the final question is 
explored in Chapter 11. 
The aim of this thesis was to contribute both to theoretic and practical spheres of 
carrying capacity assessment so these twin aspects form the basis of the following 
conclusions and recommendation. Each sphere is initially considered separately, 
including an explanation of the contribution made to the wealth of knowledge in each 
field. Finally, the two aspects are brought together in an exploration of the 
implications of the research. 
12.1 Conclusions from theoretic considerations 
In this research, the critical review of literature (chapters 3 - 7) forms the theoretical 
underpinnings for the development of a carrying capacity model. In the process of 
clarifying the historic and conceptual context of carrying capacity assessment, 
numerous findings were made and conclusions drawn. 
This research defines carrying capacity assessment simply as an estimate of the 
maximum number of people that can be supported by an area of land upon which the 
population depend. Inherent in this concept is the proposition that populations and 
societal systems such as the economy are limited by the biophysical constraints of 
the landscape. This relationship between society and the environment is currently 
often misrepresented. One view sees the systems of economy, society and 
environment as having equivalent dependence so graphically, this is represented by 
intersecting domains (Figure 1a). However, if biophysical constraints are to be 
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viewed as the ultimate limiting factor, and if the economy is recognised as just one 
sub-system of any society, then it must be acknowledged that the economy is 
dependent on society, which in turn is dependent on the environment. 
Diagrammatically, this is represented by concentric domains (Figure 1b). This 
relationship between society and the environment forms the basis of the socio-
environmental context to this research.  
An historic examination of carrying capacity dynamics also informed much of the 
conceptual development in this research. For instance, given that the supply of 
resources has biophysical limits, in the event of resource constraints, it is proposed 
that society (rather than the environment) must adapt its behaviour in order to 
survive. Cohen1232 suggests four possible ways to achieve this: migration and/or 
trade, change consumption habits, store resources and technological advancement. 
Mazoyer et al.1233 point out that various societies have reached the carrying capacity 
of their productive landscapes throughout history. Upon reaching this point, some 
have collapsed while others have achieved systemic change (as per Cohen’s 
strategies). A third group of societies have managed to both assess the carrying 
capacity of their landscape and maintain a population under this critical threshold. 
Aboriginal Australia, the Maring of Papua New Guinea and Tokugawan Japan are all 
examples of a stable carrying capacity-regulated population. Populations who have 
managed to extend their carrying capacity by adopting Cohen’s survival strategies 
have often found themselves in a recurring cycle, described here as the carrying 
capacity receding horizon principle. In this cycle, whenever capacity is extended, the 
population merely expands until capacity is once again reached. Examples of this 
reoccurrence include: after the introduction of hydrological technologies in about 
5000BC, after the refinement of ploughing and fallowing techniques during the 
Middle Ages, as well as with the introduction of modern mechanised innovations in 
the Industrial Revolution. 
This research found that in contemporary society, an ever-increasing population is 
exerting mounting pressure on the biophysical landscape in two distinct ways: by 
drawing on resources and by the assimilation of its wastes by the environment. 
Various biophysical constraints to basic human requirement such as food, water, air 
                                                 
1232 Cohen, Health and the Rise of Civilization., 20-21 
1233 Mazoyer, Roudart, and Membrez, A History of World Agriculture: From the Neolithic Age to the 
Current Crisis. 
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and shelter, were explored using Maslow’s1234 hierarchy of needs as a guide. It was 
found that society, both in Australia and globally, is dependent on fossil fuels for the 
utilisation of essential resources such as energy, food and water. However, this fuel 
source is finite and its ready-availability will soon begin to dwindle, most likely 
leading to a carrying capacity crisis in which the current resource demands of the 
population will not be met. Catton1235 describes this as overshoot. In a fossil-fuel 
depleted future, regional resource self-sufficiency can improve resource security by 
lessening the demand on long-distance transport and more easily facilitating closed-
loop resource recycling. Vail1236 and Ostrom1237 also highlight that the local scale 
provides excellent leverage for community decision making and is the scale at which 
greater environmental and ethical responsibility may be enacted because impacts are 
often more immediately obvious and behavioural change more willingly undertaken. 
Given that this research observed a widespread misapprehension of the role and 
importance of biophysical constraints in the socio-environmental context (as 
highlighted by Figures 1a and 1b), it is argued that such constraints should be more 
widely publicised. Additionally, given that contemporary society is close to the limits 
of some of these biophysical constraints, it is also argued that such constraints should 
be more closely monitored. Interactive carrying capacity assessment was found to 
meet both of these goals as it can reveal the nature and extent of various biophysical 
constraints at various scales thus making the results geographically relevant to the 
user. Carrying capacity modelling allows society to determine the best socio-
environmental balance by adjusting consumption patterns, population size, 
technological adaptability, land-use planning, environmental management, 
governance structures and education strategies to suit the productive and assimilative 
ability of the landscape. In order to establish and maintain local societal relevance, 
carrying capacity models need to be dynamically adjusted by local communities to 
local conditions including localised yield data, land-use areas, climatic conditions 
and consumption patterns. 
Researchers have developed various types of carrying capacity models, but a 
framework by which to categorise them has not previously existed. This research 
developed types according to an input-output approach. These include resource, 
                                                 
1234 Maslow, "A Theory of Human Motivation.", 371 
1235 Catton, Overshoot: The Ecological Basis of Revolutionary Change. 
1236 Vail, "Envisioning a Hamlet Economy: Topology of Sustainability and Fulfilled Ontogeny ". 
1237 Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action., 90 
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impact and societally focused models which are either applied at a global or sub-
global (local) scale. A whole-of-system typology was also identified which 
incorporates all types. Many of the carrying capacity types identified as part of this 
research are not suitable for the contemporary Australian socio-environmental 
context. For instance, global models such as the Ecological Footprint are too large-
scale, impact models cannot adequately determine population thresholds and 
societally-focussed models do not consider resource constraints. Localised, resource-
based or whole-of-system models such as those created by Peters et al., 1238 Fairlie,1239 
Gutteridge1240 and Fearnside1241 are viewed as the most appropriate for contemporary 
implementation. This research also developed a set of ten criteria to exemplify a 
best-practice approach to carrying capacity modelling: integrated systems, cultural 
habits, dynamic timeframes, risk management, constraints, explore alternatives, 
credible data and method, usability, future planning and fine-grain scale.  
This research has brought various original perspectives to carrying capacity 
theory. First, the entire scope of human advancement has been reframed by the idea 
that population carrying capacity pressure primarily dictates technological change. 
Both the impetus towards societal revolutionary transformation and the spectre of 
societal collapse have been encapsulated in the theory referred to in this research as 
the carrying capacity receding horizon principle.1242 
While many historians have assumed that increasing technological complexity 
throughout history has been advantageous to human prosperity, 1243 authors such as 
Boserup,1244 Wilkinson1245 and Cohen1246 highlight that such complexity was most 
probably only reluctantly accommodated because, with the exception of modern 
industrial mechanisation, it often led to a poorer quality of life.  Rather than systemic 
revolution occurring as a result of technological enticements (the proverbial carrot), 
the more likely scenario is that a series of carrying capacity crises acted as the 
                                                 
1238 Peters, Wilkins, and Fick, "Testing a Complete-Diet Model for Estimating the Land Resource 
Requirements of Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." 
1239 Fairlie, "Can Britain Feed Itself?." 
1240 Gutteridge, "Ecological Footprint and Carrying Capacity Studies of South East Queensland: A 
Comparison and Discussion of Results." 
1241 Fearnside, Human Carrying Capacity of the Brazilian Rainforest. 
1242 See Chapter 4.1 Avoidance of carrying capacity constraints  
1243 Dilworth, Too Smart for Our Own Good: The Ecological Predicament of Humankind., 50. See 
Chapter 4.1 Avoidance of carrying capacity constraints 
1244 Boserup, The Conditions of Agricultural Growth: The Economics of Agrarian Change under 
Population Pressure. 
1245 Wilkinson, Poverty and Progress. 
1246 Cohen, The Food Crisis in Prehistory. 
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proverbial stick, driving societies towards increased technological advancement in 
order to accommodate a larger population. This research refers to this dynamic as the 
receding horizon principle because of the ability of numerous societies in the past to 
extend their carrying capacity, pushing potential population collapse further off into 
the future, or horizon. While the aforementioned authors1247 all describe the carrying 
capacity-based causes of this population dynamic, a complete framework has not 
previously been identified which succinctly highlights the three distinct possibilities 
once a carrying capacity crisis is reached. These possibilities are described in this 
research as population collapse, systemic revolution (as part of the receding horizon 
principle) and also population stabilisation. The compilation of examples of past 
societies (Australian Aborigines, Papua New Guinean Maring and Tokugawan 
Japanese) exhibiting population stability is also a unique aspect to this work. It was 
highlighted1248 that the seemingly diverse cultures with differing modes of production 
(hunter-gathering, swiddening and agriculture) all shared the common characteristic 
of both a means to determine the carrying capacity of their productive landscapes and 
the ability to limit their population to that biophysical constraint. 
The second original contribution of this research to carrying capacity theory is the 
categorisation of various existing models into a framework of types. The components 
of a basic input-output model were utilised whereby models were categorised as 
resource-based (inputs), impacts-based (outputs), societally-focused or a combination 
of all three (whole-of-system). A secondary typological distinction was also made 
between models conducted at the global or sub-global scale. This categorisation 
encapsulates all potential models, thus facilitating more accurate comparison of 
various approaches and potentially simplifying the process of communicating 
carrying capacity ideas. Without such a framework, people with limited experience 
of carrying capacity modelling may not easily be able to determine the parameters 
and scope of any particular model, given that divergent approaches may in the past 
all have the same generic carrying capacity title. Such a typological categorisation 
thus has much educational merit.  
Another original aspect of this research that contributes to carrying capacity 
theory is the identification of ten components that make up an ideal carrying capacity 
model. This aspect was based on the work of Joel Cohen, 1249 but was significantly 
                                                 
1247 Boserup, Wilkinson and Cohen 
1248 See Chapters 4.2.1, 4.2.2 and 4.2.3. 
1249 Cohen, How Many People Can the Earth Support?, 359 
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expanded and refined. While Cohen only wrote one paragraph on the issue, this 
research covers it in some depth with an entire chapter dedicated to the topic.1250 The 
ten components which make up an ideal carrying capacity model can be used as a 
check-list by which future models can be designed. They can also be utilised as a set 
of criteria against which to assess existing or newly developed models. Both of these 
uses of the ten components were employed as part of this research with the 
development and then assessment of the Carrying Capacity Dashboard. 
12.2 Conclusions from practical considerations  
The Carrying Capacity Dashboard was developed in response to the research 
question: How can the theoretical aspects of carrying capacity assessment best be 
given practical application in the Australian socio-environmental context? It was 
found that the characteristics of a model best suited to the contemporary Australian 
context include interactivity (giving real-time feedback to consumption choices), a 
resource focus, scalability (offering national, state and regional scales) and temporal 
adjustability (with defaults for short and long-term projections). 
The development of the Dashboard model also led to a variety of findings directly 
related to the Australian context. The most significant conclusions include: 
 According to current consumption patterns and existing national land-use 
areas, Australia’s population carrying capacity is just over forty million 
people, almost twice the current population of 22.8 million. The fact that 
Australia currently exports just over half of its red meat and broadacre crops 
provides corroborating evidence that this figure is reasonably accurate. 
 Organically farmed produce was found to yield only 81 percent of their 
conventional equivalents. 
 The production of biofuel dramatically reduces carrying capacity because it 
directly competes with food production for good quality agricultural land. 
 Cropping land availability is the largest determinant of regional carrying 
capacity because, being the best quality land, all types of food production can 
occur on it but this is not the case for pasture land. 
 The amount of land required for food production varies greatly throughout 
Australia. Under short-term parameters, North West Tasmania requires the 
                                                 
1250 See Chapter 7. Carrying capacity assessment model components 
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smallest area at 0.82 hectares per person, while South Australia’s Arid Lands 
requires 258 hectares per person and nation-wide, 9.3 hectares are required 
per person to generate the standard diet. 
 According to current consumption patterns, regions encompassing all of 
Australia’s capital cities are currently dramatically over capacity while there 
are some regions in the Murray-Darling Basin and South-west corner of 
Australia which are significantly under capacity. 
 To produce the current Australian diet, animal products would account for 
98% of land usage, but form only 36% of the diet. This is more than 60 times 
the size of broadacre requirements and more than 200 times the size of 
horticultural requirements. 
 Of the three types of food components in the Australian diet (horticulture, 
broadacre, animal products), the production of horticultural produce offers 
the easiest conversion to small-scale regionalised operations because it 
requires the least amount of land, is more suited to coastal climates and the 
population are generally more familiar with horticultural production methods. 
 While Australia’s large-scale capacity (for short-term parameters) is over 40 
million, as an aggregation of smaller regions, it is only about 23 million 
people. The reason for this discrepancy between large and small-scale 
resource utilisation is the efficiency of land-usage. Under small-scale 
circumstances there is likely to be more land under-utilised as evidenced by 
analysis of excess pasture and non-agricultural land. In order to more 
effectively utilise the landscape, each population’s consumption and 
production habits would need to be more aligned with the productive capacity 
of the landscape. 
 According to proposed long-term projections, carrying capacity is much 
smaller in all Australian regions than for short-term defaults because of the 
extra requirements on productive land for biofuel, greater caloric 
requirements, greater accommodation of climate variability and the lower 
yields from organic agriculture compared to fossil-fuel reliant agriculture. 
 In order for the Dashboard’s long-term default settings to accommodate even 
the current Australian population, a change in diet from the current 13 percent 
animal protein (meat-eggs parameter) to 3.5 percent plus a change in land-use 
from four percent cropping land to ten percent, is required. 
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 Rather than merely aiming to maximise population numbers, a carrying 
capacity-based socio-environmental decision-making process needs to 
balance a range of systemic drivers such as environmental and societal health 
and sustainability to arrive at an optimal outcome. 
The development of the Dashboard offers a significant contribution to the field of 
carrying capacity assessment. While individual carrying capacity assessments have 
been previously conducted and interactive modelling of socio-environmental 
constraints has also occurred, these two aspects have not previously been combined 
into a geographically multi-scalar (national, state, regional) tool. The Dashboard’s 
online presence continues to grow, providing proof of its relevance to a broad 
audience.1251 
12.3 Recommendations for future Dashboard improvements 
The process of comparing the Carrying Capacity Dashboard against key benchmarks 
(Chapter 10.1) and analysing user feedback (Chapter 10.2) has highlighted a number 
of recommendations for future improvements to the model which are summarised 
below. 
 Further investigation into whether it is possible to ascertain population 
thresholds based on environmental impacts. 
 Integrate the Dashboard with a GIS model which allocates land-use based on 
a combination of land suitability mapping, existing use and proposed future 
use. Land areas should be generated automatically and then fed directly into 
the land-use section of the Dashboard. 
 Include prompts to users to make them aware of systemic implications of 
each decision. A commentary panel which gives instruction pertinent to the 
user’s most recent decision is recommended. For instance, if choosing a high 
meat diet, health considerations may be highlighted. Other systemic 
considerations such as economic and governance implications could also be 
incorporated. For example, prompts might invite users to question optimal 
land ownership, scales of self-sufficiency and how best to share resources. 
Unrealistic user choices should also be highlighted. For example, if users 
make changes to land-usage or irrigation amounts in the model which appear 
                                                 
1251 See Chapter 12.3 Recommendations for future Dashboard improvements. 
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unlikely to be actually enacted because of biophysical constraints, then such 
contradictions should be pointed out. 
 More detailed parameter choices should be made available as an option. For 
instance, dietary choice could be expanded to include adjustments to the 
proportion of not only meat-eggs intake but also horticultural and broadacre 
products. The make-up of the diets within the meat-eggs parameter could also 
be made more explicit and adjustable. For example, the amount of dairy 
could be alterable. Ultimately, this may require a whole separate interface just 
for dietary manipulation. 
 Engage a range of specialists to improve the Dashboard, especially as it 
becomes more complex. For example the following experts may need to be 
consulted: 
o Dieticians: if more manipulation of the diet is to be made available 
to users, this would also need to include advice to users on health 
recommendations for such diets, necessitating the involvement of a 
dietician as part of the Dashboard’s developers. 
o Geographers: visual mapping would help with choices of 
scalability and delineation (national to local scale). 
o Information technology practitioners: ongoing model construction 
and maintenance. 
o Land-use planners: data for existing and potential uses of the 
landscape requires ongoing collection and validation. For example, 
the amount of residential and rural residential land with productive 
potential should be determined. 
o Systems thinkers: devising the best ways to integrate a diverse set 
of elements within the socio-environmental framework such as 
land management, governance, education and community liaison. 
Sociologists may also bring valuable insight to these issues. 
 Communities wishing to be largely self-sufficient should ultimately take 
control of their own models, necessitating an interface that can safely allow 
users to alter aspects such as crop yields and wastage rates. 
 The climate variability may require further refining. The Dashboard uses one 
method to estimate potential future variability by examining staple crop 
yields over the last 150 years. However, other ways to estimate future yield 
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impacts should also be explored. The impacts of future anticipated climate 
change and sea level rise also needs to be incorporated. 
 Investigate the possibility of incorporating graphing such as Fearnside’s 
Probability of Failure graph (Figure 23) into the climate variability parameter 
to better illustrate the chance of risk that users take in their choice of 
timeframes. 
 Concerning irrigation, more finely tune the way in which changes in yields 
may be affected by irrigation, link improvements in irrigated yields to areas 
where rainfall is insufficient prior to irrigation and limit irrigation which may 
cause environmental impacts. 
 Include wild-caught seafood in food supply. 
 Include other energy resources apart from just biofuel such as coal, gas, solar 
photo-voltaics, wind, geothermal and hydro-energy. 
 Include other textile resources apart from just cotton and wool such as hemp, 
bamboo and flax. 
 Include other construction resources apart from just timber such as concrete, 
steel, earth, hay-bail and brick. 
 Include other farming techniques apart from just conventional and organic 
such as permaculture and other forms of polyculture. 
 Include further indirect links between parameters, such as between land 
required for energy production and any resultant change in other consumption 
variables. 
 Allow direct user allocation of land-uses for the infrastructure and nature 
reserve parameters rather than the present Dashboard approach of allocating 
land of least quality first. For example, if a user increases nature reserve land 
requirements from current levels, then they should be prompted to indicate 
where that extra land will be coming from. This could be achieved by 
prompting a proportioning of such land from the other uses such as 20 
percent from pasture, 20 percent from cropping and 60 percent from non-
agricultural land. 
 As per the Total Food parameter in the Food section of the Dashboard, 
include a parameter in the Fuel, Textiles and Timber sections to allow users 
to directly stipulate the degree of imports and exports. 
 The default diet for current Australian consumption is outdated (1995). 
Ideally, a new survey of dietary habits should be conducted. 
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 Dietary consumption is currently set for a population reflective of the 2010 
Australian population sex and age demographic profile. However, at smaller 
scales or at some time in the future, such a demographic profile may not be 
accurate so this profile should be alterable by users. 
 The choice of regions should be made more intuitively selectable with the 
inclusion of a map rather than a list of place names. 
 As the Dashboard becomes more complex, instructions on how to best use it 
become increasingly important, so a manual to guide user experience is 
recommended. 
 Smaller geographic scales than the NRM scale should be incorporated and 
other locations apart from Australia should be covered. 
 The inclusion of a display of various regions at once should be investigated. 
Such a feature would be useful in determining which populations in over-
capacity regions might need to be relocated to under-capacity regions under a 
population redistribution scenario. 
 Pursue potential for involvement of global audience by facilitating open 
source online carrying capacity modelling collaboration. This can expand 
current Dashboard modelling in ways that are spatial (e.g. other parts of the 
world) and scalar (e.g. smaller scales such as towns and communities). 
Given sufficient resources, many of these potential improvements to the Carrying 
Capacity Dashboard could be made immediately including improved parameter 
detail and the inclusion of a user manual. However, there are still some modelling 
questions that remain unanswered. For example: 
 Is it possible to include environmental impacts into carrying capacity 
modelling beyond the inclusion of nature reserves? 
 Are there any other methodologies for incorporating climate variability? 
 Can climate change be incorporated? 
 Is it possible to incorporate a graph showing the probability of failure as a way 
to illustrate risk management? 
 How best to include maps that offer a more spatial and visual interface?  
 Can alternate energy sources such as photo-voltaics and wind power be 
incorporated in a meaningful way given that their relationship with land-usage 
is inconsistent (e.g. sometimes they might be installed on farmland, other 
times in the ocean, other times on roof-tops). 
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 How best to obtain projected agricultural yields for permaculture and 
polyculture? 
These questions provide the impetus for further research. 
12.4 Implications and conclusions 
The final question posed by this research asks: What are the implications of carrying 
capacity assessment within the socio-environmental context? It was found that the 
contemporary context is one in which various biophysical limits to population 
growth and societal activity are approaching their capacity,1252 triggering the 
necessity for change within societal systems. Such implications affect governance 
structures, educational opportunities, land-use and environmental planning and 
population control.  
It is argued that societies need to both determine their potential population limits 
(by way of carrying capacity assessment) and also restrain their total population 
number at or below those limits. Population control is thus an essential component of 
a sustainable socio-environmental balance and effective birth control is the only 
ethical and viable way to achieve this aim. Consequently, given that this research 
found that the risk of global population overshoot is high1253 and in Australia, our 
current population may be over its long-term carrying capacity, 1254 every effort 
should be made to incentivise family planning. 
Governance structures and policies are fundamentally important for implementing 
the changes necessary in navigating towards a future sustainable socio-environmental 
balance. Paul Gilding1255 suggests that the only way in which such societal 
adjustment might occur is with strong government which fully supports this change. 
Some of the changes identified in this research with policy implications include: the 
retention and expansion of agricultural land near urban areas, initiatives to encourage 
decentralised urban infrastructure, expanding constraints mapping, redefining 
political boundaries, enlisting community support and initiating benchmarking of 
localised self-sufficiency.1256 Several impediments to such carrying capacity-based 
polices were identified, not least of which is an apparent lack of societal awareness 
                                                 
1252 See Chapter 5. Future global carrying capacity crisis 
1253 See Chapter 5. Future global carrying capacity crisis 
1254 See Chapter 9.3.2 Long-term over and under capacity 
1255 Gilding, "Revisiting the Limits to Growth: A Global Forecast for the Next Forty Years." 
1256 See Chapter 11.6 Governance. 
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of a potential carrying capacity crisis. Consequently, this research also makes a 
number of recommendations for education initiatives such as carrying capacity-based 
scenario planning, collaborative student involvement, school curriculum 
development in science, biology, maths and geography as well as university 
involvement in architecture, urban design and planning disciplines.1257 
The implications of carrying capacity assessment within the contemporary land-
use planning and environmental management sphere are significant. At present, land-
use is often determined by economic drivers rather than biophysical constrains, the 
results of which include increased urban centralisation and a lack of preparedness for 
life after fossil fuels. In our petroleum-centric planning framework, distance is often 
discounted as incidental when goods can be transported relatively inexpensively 
across the country and around the world. Likewise, the yields from agricultural 
techniques that feed the centralised urban populations are commonly accepted as 
only ever going in one direction – up; despite those yields being entirely dependent 
on an energy source that will inevitably peak and then decline in availability. Our 
globalised societal systems have thus allowed us to co-opt land spatially and 
temporally, expanding our short-term carrying capacity at the expense of long-term 
universal interests. Spatially, the more economically dominant societies have been 
able to use their purchasing power to relocate resources from elsewhere, resulting in 
populations displaying both depravity and over-consumption. Temporally, modern 
society has co-opted energy resources, in the form of fossil fuels, which took 
millions of years to accumulate and cannot be renewed in human timeframes. The 
inequities and unsustainability inherent in this system leaves all societies vulnerable 
to future resource crises. 
New strategies need to be developed in order to cope with the challenge of 
transforming societal resource utilisation from large- to small-scale.  In this future 
locally self-sufficient world, populations will need a keen awareness of their 
demands on the immediate environment because their survival may very well depend 
on it. In the past, the loss of localised agricultural potential through land degredation, 
erosion and misuse has been compensated by the appropriation of lands outside each 
locale, through trade. If forced to be more self-sufficient, the ability to trade our way 
past land mistreatment is unlikely to provide the same degree of cushioning. 
                                                 
1257 See Chapter 11.7 Education. 
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Gammage1258 states that caring for the land was no less than the main purpose of life 
within traditional Aboriginal culture. The longevity of Aboriginal civilisation is 
testament to such an ongoing commitment. Our society once again needs to find an 
ethic of long-term sustainable land practice which balances societal demands with 
biophysical constraints. Carrying capacity assessment is one tool which helps us in 
detemining this balance. 
In the contemporary socio-environmental context, this research provides some 
initial steps in highlighting the biophysical constraints which ultimately limit societal 
activity and population growth. The Carrying Capacity Dashboard has the ability to 
inform local populations about the productive potential of their landscapes, the 
population thresholds that these constraints demand and the lifestyle and 
consumption patterns best suited to each locale. Such assessments will need to be 
conducted in an ongoing manner so future models will need to be dynamically 
responsive to potentially ever-changing environmental and climatic conditions. The 
Dashboard can also play an important educative role in first prompting greater 
awareness of carrying capacity issues, then informing potential directions in a future 
decision-making process which brings society back into a sustainable alignment with 
its environment. 
 
 
                                                 
1258 Gammage, The Biggest Estate on Earth: How Aborigines Made Australia., 131 
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Appendix 
The following tables are either part of the Dashboard model or form preliminary 
calculations for Dashboard modelling. 
Table 18. Non-ABS yield calculations: Not all agricultural yields for dietary items were available in 
ABS commodity publications so other sources were required. 
In some cases this meant multiplying the yield from ABS published items by a certain amount 
(multiplier column). For example, the ABS figures did not include a yield for spelt but research from 
the NSW government (see source column) suggests that yields of spelt may generally be expected to be 
about half that of wheat. Thus a multiplier factor of 0.5 was multiplied by the wheat yield for each 
locations to derive an estimated spelt yield. The ABS figures shown in column t / tree also only usually 
included data on the yield per tree numbers (for nuts and fruit trees) so a yield per area of land was 
calculated from information from other sources. This was done by multiplying the trees per hectare 
amount by the tonnes per tree amount. For example, the Australian average cashew yield according 
to ABS figures is 0.0036 tonnes per tree (rounded to 0.004 in column t/tree in Table 18.). Research 
revealed that the most Australian cashew crops have been planted at a tree density of 200 trees per 
hectare (column trees / ha). Multiplying these two figures together estimates an estimated yield of 0.7 
tonnes per hectare (yield column).  
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Cereals 
buckwheat wheat x 0.75     
www.gov.mb.ca/agriculture/crops/specialcrops/pdf/bib03s01.p
df 
quinoa  wheat x 1     www.en.wikipedia.org/wiki/Quinoa 
rye  wheat x 0.33     www.nass.usda.gov/Publications/Ag_Statistics/2010/2010.pdf 
spelt  wheat x 0.5     
www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/380784/Orga
nic-spelt-production.pdf 
Dairy 
milk (goat) 
cow’s milk x 
0.25     
McLaren, C. 1997. Dry Sheep Equivalent for comparing 
different classes of livestock. In Agriculture notes. Melbourne: 
Department of Primary Industries, Victoria. 
milk (sheep) 
cow’s milk x 
0.45     
McLaren, C. 1997. Dry Sheep Equivalent for comparing 
different classes of livestock. In Agriculture notes. Melbourne: 
Department of Primary Industries, Victoria. 
Fruit 
apple  21.46 4.0 640 0.03 
www.apal.org.au/assets/content/1225/apple-pear-world-news-
v9-no30.pdf 
cherry  5.2 3.5 818 0.01 
www.horticulture.com.au/librarymanager/libs/176/Annual%20I
nvestment%20Plan%20-%20Cherry%20Industry%20-
%202010.PDF 
fig banana x 0.5     www.nass.usda.gov/Publications/Ag_Statistics/2010/2010.pdf 
guava  34.3 3.5 805 0.04 www.publish.csiro.au/paper/EA9860619.htm 
lychee  2.8 6.6 230 0.01 
www.publish.csiro.au.ezp01.library.qut.edu.au/?act=view_file&
file_id=EA9860261.pdf 
mango  5.3 7.8 166 0.03 www.nt.gov.au/d/Content/File/p/Tech_Bull/TB301.pdf 
orange  18.5 6.0 279 0.07 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
mandarin  18.5 6.0 279 0.07 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
orange, mandarine  18.5    
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
lemon  20.7 6.0 279 0.07 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
lime  17.6 6.0 279 0.06 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
grapefruit  14.8 6.0 279 0.05 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
other citrus  17.7    
www.rirdc.gov.au/programs/established-rural-
industries/pollination/citrus.cfm 
                                                 
1259 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-
06.", ———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, 
"Agricultural Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-
09.", ———, "Agricultural Commodities Australia 2009-10." 
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Fruit 
olive  4.9 6.3 250 0.02 www.bijlmakers.com/fruits/olive.htm 
passionfruit 
banana x 
0.75     
www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/119691/pass
ionfruit-growing.pdf 
pear  22.9 5.9 288 0.08 
www.new.dpi.vic.gov.au/__data/assets/pdf_file/0009/28638/Ch
allenges-and-Opportunties-in-the-Australian-Pear-Value-
Chain-Vic-Context-April09.pdf 
persimmon 
orange x 
0.75     www.sweetgold.com.au/about_persimmons/Document_A.pdf 
rhubarb 
strawberry x 
0.6     
www.agric.wa.gov.au/objtwr/imported_assets/content/hort/veg/
cp/leafveg/f08100.pdf 
apricot  17.1 3.8 700 0.02 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/apricot.cfm 
peach  25.9 3.8 700 0.04 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/peaches-and-nectarines.cfm 
nectarine  19.0 3.8 700 0.03 
www.bioplanning.com.au/userfiles/docs/LoddonMurrayFarmGr
ossMarginsPage.pdf 
plum  9.0 3.5 830 0.01 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/plums-and-prunes.cfm 
Nuts & seeds 
almond (unshelled)  1.3 10.0 100 0.01 
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pd 
cashew (unshelled)  0.7 7.1 200 0.004 www.rirdc.infoservices.com.au/downloads/00-015.pdf 
chestnut (unshelled) almond x 1.2     
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pdf 
hazelnut (unshelled) 
almond x 
0.25     
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pdf 
linseed (unshelled) 
sunflower x 
1.1     
new.dpi.vic.gov.au/agriculture/grain-crops/crop-
production/growing-linseed-linola 
macadamia 
(unshelled)  2.2 6.5 237 0.01 
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pdf 
pecan (unshelled)  2.5 7.8 165 0.02 
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pdf 
pine (unshelled) almond x 0.2     informedfarmers.com/pine-nuts-species-product/ 
pistachio (unshelled) almond x 1.1     
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pdf 
walnut (unshelled)  1.9 6.9 210 0.01 
www.nutindustry.org.au/files/ECGU6KF5N4/Australia_s_Nut_I
ndustry_-_2009.pdf 
sesame seed 
sunflower x 
0.25     
www.rirdc.gov.au/shadomx/apps/fms/fmsdownload.cfm?file_u
uid=4A22493F-C446-0A83-90E3-
9482BD173C46&siteName=RIRDC 
Vegetables - green 
basil 
lettuce x 
0.25     www.newcrops.uq.edu.au/newslett/ncnl6154.htm 
broccoflower 
average 
broccoli & 
cauliflower     www.en.wikipedia.org/wiki/Broccoflower 
chives 
lettuce x 
0.25     www.mtt.fi/afs/pdf/afsf12_95.pdf 
kale 
silverbeet x 
1     
www.neon.cornell.edu/training/ppts/OrganicFarmYieldandProfi
tability.pdf 
snowpea  2.2    
www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/126339/Sno
w-peas-and-sugar-snap-peas-Agfact-H8.1.35.pdf 
Vegetables - other 
alfalfa broccoli x 1     en.wikipedia.org/wiki/Alfalfa 
avocado  8.1 8.2 150 0.05 
www.rirdc.gov.au/programs/established-rural-
industries/pollination/avocado.cfm 
choko 
cucumber x 
0.75     www.epress.anu.edu.au/food_agriculture/pdf/part2.pdf 
shallot leek x 1     www.nwrec.hort.oregonstate.edu/shallot.html 
squash zucchini x1     www.nass.usda.gov/Publications/Ag_Statistics/2010/2010.pdf 
Vegetables - starch 
cassava 
sweet potato 
x1     www.uq.edu.au/_School_Science_Lessons/CasProj.html#18.0 
Other 
coffee (green bean) 
banana x 
0.035     
www.rirdc.gov.au/programs/established-rural-
industries/pollination/coffee.cfm 
tea leaf (green) 
banana x 
0.45     www.publish.csiro.au/paper/EA9920781.htm 
honey 
cucumber x 
0.006     
www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/CA256871
00069892CA2568880029503F/$File/71210_1997-98.pd 
 
 
                                                 
1260 Australian Bureau of Statistics, "Agricultural Commodities: Small Area Data, Australia, 2005-
06.", ———, "Agricultural Commodities: Small Area Data, Australia, 2006-07.", ———, 
"Agricultural Commodities Australia 2007-08.", ———, "Agricultural Commodities Australia 2008-
09.", ———, "Agricultural Commodities Australia 2009-10." 
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Table 19. Seed requirements: An adjustment to agricultural yields was made to account for seed 
requirements for future crops.  
Three different approaches were used. For broadacre and potato crops, an amount of grain was 
deducted from each harvest; for mushrooms, an amount of land was included for the creation of 
compost and for vegetables, an additional percentage of land was allocated for the production of 
seed. The three different approaches were adopted on the basis of data availability. 
 
Commodity 
Seed rate 
t / ha Source 
Wheat  0.067 www.new.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-wheat 
  www.dpi.qld.gov.au/26_3518.htm 
Oats  0.043 www.dpi.qld.gov.au/26_9423.htm 
Rye   www.new.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-cereal-rye 
Barley  0.045 www.dpi.qld.gov.au/26_3514.htm 
Sorghum  0.007 www.dpi.qld.gov.au/26_3508.htm 
Maize  0.022 www.dpi.qld.gov.au/26_3502.htm 
  
www.dpi.nsw.gov.au/__data/assets/pdf_file/0005/303485/Summer-crop-production-
guide.pdf 
Rice  0.148 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0007/178171/Ricecheck-
recommendations.pdf 
Triticale  0.088 www.new.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-triticale2 
  www.superiorseed.com.au/attachments/070_Triticale%20Guide%20-%20Planting.pdf 
Canola  0.003 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0016/148300/canola-northern-NSW-
planting-guide.pdf 
Chickpeas  0.074 www.dpi.qld.gov.au/26_4506.htm 
Field beans  0.130 www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/157306/pulse-point-12.pdf 
  www.new.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-faba-bean 
Field beans  Mung beans  0.033 www.dpi.qld.gov.au/26_12422.htm 
Field peas  0.090 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0007/157507/field-pea-western-NSW-
planting-guide.pdf 
Lentils  0.068 www.new.dpi.vic.gov.au/agriculture/grain-crops/crop-production/growing-lentils 
  
www.new.dpi.vic.gov.au/agriculture/grain-crops/crop-production/ag1420-estimating-crop-
yields-a-brief-guide 
Legumes  0.090 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0007/157507/field-pea-western-NSW-
planting-guide.pdf 
Sesame (clean seed)  0.003 www.agmrc.org/media/cms/sesame_38F4324EE52CB.pdf 
Peanuts 0.109 www.pca.com.au/pdfs/growing-peanuts/2010productionguide.pdf 
Soybeans  0.053 www.dpi.qld.gov.au/26_11723.htm 
Sunflower  0.003 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0011/249779/Sunflower-production-
guidelines-for-the-northern-grains-region.pdf 
Cotton  0.018 www.dpi.qld.gov.au/26_18497.htm#Planting 
Mushrooms  838 Tonnes of hay per hectare of mushrooms 
  www.publish.csiro.au.ezp01.library.qut.edu.au/?act=view_file&file_id=S97076.pdf 
Potatoes 3 tonnes per hectare deducted for seed 
  www.agrifood.info/review/1995/Dowling.html 
  http://www.starnewsgroup.com.au/gazette/pakenham/302/story/135218.html 
   
Vegetables  3 year average extra land required for vegetable seed production  
 Other 
2006 - Australian Bureau of Statistics. 2008. Agricultural Commodities: Small Area Data, 
Australia, 2005-06. Canberra: Commonwealth of Australia. 
 130,702 Vegetables for human consumption - total area (ha) 
 1,949 Vegetables for seed - Vegetables for seed excluding potatoes - area (ha) 
 1.5%  
  
2007: Australian Bureau of Statistics. 2008. Agricultural Commodities: Small Area Data, 
Australia, 2006-07. Canberra: Commonwealth of Australia. 
 125,602 Vegetables for human consumption - total area (ha) 
 1,748 Vegetables for seed - all other vegetables for seed(ha) 
 1.4%  
  
2009: Australian Bureau of Statistics. 2010. Agricultural Commodities Australia 2008-09. 
Canberra: Commonwealth of Australia. 
 114,982 Vegetables for human consumption - All vegetables sown - Total area (ha) 
 3,889 Vegetables for seed - All other vegetables for seed - Area (ha) 
 3.4%  
  3 year average: 
 123,762 Vegetables for human consumption - total area (ha) 
 2,529 Vegetables for seed - all other vegetables for seed(ha) 
 2.0% % area increase 
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Table 20. Grazing yields: Figures and references used in Dashboard modelling for the calculation of 
animal product yields. 
This table shows the data and processes used for Australia as a whole but was also carried out for all 
states and regions. 
 
ITEM  
AUSTRALIA 
2009 Source 
GRAZING  356,746,291 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Hay-silage for animal 
feed area (ha)  2,148,110 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Total land for grazing 
and cut hay/silage (ha)  358,894,401  
Total DSE animals  367,793,802  
Total DSE / hectare  1.02  
SHEEP 
% of 
sheep  
Sheep Breeding ewes 
1 year and over (n) 57% 40,866,857 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Sheep Lambs under 1 
year (n) 28% 20,249,007 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Sheep All other (n) 44% 31,872,839 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Sheep - Total ewes 
expected to lamb (n) 54% 39,059,369 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Breeding ewes 1 year 
and over not in lamb 3% 1,807,488 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Rams, wethers, 
hoggets and non-
breeding ewes. 15% 10,913,743 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
 
Sheep 
DSE   
DSE Sheep - Lambs 
under 1 year (n) 0.7 14,174,305 www.agronomy.com.au/download/DSEratings.pdf 
DSE Sheep - Total 
ewes expected to lamb 
(n) 1.4 53,120,742 www.agronomy.com.au/download/DSEratings.pdf 
DSE Breeding ewes 1 
year and over not in 
lamb 1.0 1,807,488 www.agronomy.com.au/download/DSEratings.pdf 
DSE Rams, wethers, 
hoggets and non-
breeding ewes. 1.2 13,096,492 www.agronomy.com.au/download/DSEratings.pdf 
Sheep in feedlots  710,089 
www.new.dpi.vic.gov.au/agriculture/beef-and-sheep/sheep/feeding-and-
nutrition/feedlotting-lambs 
Grain required for 
feedlots tonnes  39,943 
www.new.dpi.vic.gov.au/agriculture/beef-and-sheep/sheep/feeding-and-
nutrition/feedlotting-lambs 
Sheep grazing total  72,029,607 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Sheep total (feedlot & 
grazing)  72,739,696 
www.new.dpi.vic.gov.au/agriculture/beef-and-sheep/sheep/feeding-and-
nutrition/feedlotting-lambs 
DSE Sheep total 1.1 82,199,026  
DSE Sheep average  1.1  
% of regional sheep 
DSE animals to Aust 
sheep DSE animals  100.0%  
Sheep meat tonnes 
produced  743,200 
www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/7215.0Mar%20201
2?OpenDocument 
   
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Hectares for feedlot 
grain per region  14,626  
 Ha   
Hectares for feedlot 
land per region 0.001 355 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0020/193313/Feedlotting-
lambs.pdf 
Sheep hectares per 
region (meat)  80,225,061  
% of sheep DSE 
animals to total DSE 
animals  22.3% 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/189697/ag-land-
classification.pdf 
TOTAL Sheep meat 
(t/ha)  0.009  
Sheep wool tonnes 
produced  370,601 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Sheep hectares per 
region (wool)  80,210,080 www2.dpi.qld.gov.au/sheep/6572.html 
TOTAL Sheep wool 
(t/ha)  0.005  
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ITEM  
AUSTRALIA 
2009 Source 
DAIRY 
% of 
dairy  
Dairy cattle Cows in 
milk and dry (n) 64% 1,676,214 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Dairy cattle Heifer 
calves (n) 13% 350,974 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Dairy cattle Heifers 1 to 
2 years (n) 16% 411,160 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Dairy cattle Heifers 
over 2 years (n) 4% 110,511 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Dairy cattle All other (n) 36% 936,071 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Dairy Bulls and bull 
calves 2% 63,426 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
 
Dairy 
DSE   
DSE Dairy cattle - 
Cows in milk and dry 
(n) 21.0 35,200,494 www.agronomy.com.au/download/DSEratings.pdf 
DSE Dairy cattle - 
Heifer calves (n) 4.0 1,403,896 www.agronomy.com.au/download/DSEratings.pdf 
DSE Dairy cattle - 
Heifers 1 to 2 years (n) 9.0 3,700,440 www.agronomy.com.au/download/DSEratings.pdf 
DSE Dairy cattle - 
Heifers over 2 years (n) 10.0 1,105,110 www.agronomy.com.au/download/DSEratings.pdf 
DSE Dairy Bulls and 
bull calves 10.0 634,260 www.agronomy.com.au/download/DSEratings.pdf 
Dairy total  2,612,285  
DSE Dairy total  42,044,200  
DSE Dairy average  16.1  
% of regional dairy 
DSE animals to Aust 
dairy DSE animals  100.0%  
Dairy milk tonnes 
produced  9,670,670  
Dairy hectares per 
region  41,026,869  
% of dairy DSE animals 
to total DSE animals  11.4% 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/189697/ag-land-
classification.pdf 
TOTAL Dairy milk 
(t/ha)  0.236  
BEEF % of beef  
Meat cattle: Beef bulls 
& bull calves intended 
for breeding (n) 3% 702,433 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Meat cattle: Cows & 
heifers 1 year and over 
(n) 52% 12,902,545 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Meat cattle Other 
calves (n) 23% 5,577,990 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Meat cattle All other (n) 50% 12,391,934 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Balance grazing 
(steers, bullocks, etc.) 22% 5,416,468 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
 Beef DSE   
DSE Meat cattle - Beef 
breed bulls and bull 
calves intended for 
breeding (n) 10.0 7,024,330 www.agronomy.com.au/download/DSEratings.pdf 
DSE Meat cattle - 
Cows and heifers 1 
year and over (n) 11.0 141,927,995 www.agronomy.com.au/download/DSEratings.pdf 
DSE Meat cattle - 
Other calves (n) 7.0 39,045,930 www.agronomy.com.au/download/DSEratings.pdf 
DSE Balance grazing 
(steers, bullocks, etc.) 9.0 48,748,214 www.agronomy.com.au/download/DSEratings.pdf 
Cattle in feedlots  695,043 
www.feedlots.com.au/index.php?option=com_content&view=article&id=
54&Itemid=80 
Grain required for 
feedlots tonnes  1,705,000 
www.daff.gov.au/__data/assets/pdf_file/0011/182837/scoping_study_g
m_feedstuffs.pdf 
Cattle grazed total  24,599,436  
Beef cattle total (feedlot 
& grazing)  25,294,479  
DSE Cattle grazed total  236,746,469  
DSE Cattle grazed 
average  9.6  
% of regional cattle 
DSE animals to Aust 
cattle DSE animals  100.0%  
Cattle meat tonnes 
produced  2,295,346 
www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/7215.0Mar%20201
2?OpenDocument 
   
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Hectares for feedlot 
grain per region  551,571  
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ITEM  
AUSTRALIA 
2009 Source 
 Hectares   
Hectares for feedlot 
land per region 0.002 1,216 
www.dpi.nsw.gov.au/agriculture/livestock/beef/feed/publications/lotfeedi
ng/establish 
Cattle hectares per 
region  231,570,771  
% of cattle DSE 
animals to total DSE 
animals  64.4% 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/189697/ag-land-
classification.pdf 
TOTAL Cattle meat 
(t/ha)  0.010  
OTHER ANIMALS 
% of 
others  
Buffaloes (n) 1% 8,550 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Deer (n) 3% 46,076 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Goats (n) 48% 727,692 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Horses Stud (n) 6% 94,628 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Horses other (n) 11% 161,787 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
All other livestock (n) 32% 478,863 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Total alternative 
grazing stock (n) 
Others 
DSE 1,517,596  
DSE Buffaloes (n) 10.0 85,500 
www.en.wikipedia.org/wiki/Livestock_grazing_comparison#cite_note-
FAO1-4 
DSE Deer (n) 3.8 175,089 www.deerfarming.com.au/DFH/DFH09-Nutrition.pdf 
DSE Goats (n) 1.1 774,992 
www.new.dpi.vic.gov.au/agriculture/animals-and-
livestock/goats/grazing-requirements-fibre-meat-goats 
DSE Horses Stud (n) 13.5 1,277,478 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0011/109982/pastures
-for-horses.pdf 
DSE Horses Other (n) 10.0 1,617,870 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0011/109982/pastures
-for-horses.pdf 
DSE All other livestock 
(n) 6.0 2,873,178  
 FCR 
Tonnes / 
hectare yield 
Australian Bureau of Statistics. 2010. Agricultural Commodities 
Australia 2008-09 
Chicken meat 2.68 0.88 www.chicken.org.au/page.php?id=4#Efficiency 
Duck meat 3.06 0.77 www.conference.alcas.asn.au/2011/MichaelDuckMeat.pdf 
Turkey meat 3.17 0.75 
www.daff.gov.au/animal-plant-
health/animal/livestock_movement_in_australia_and_emergency_disea
se_preparedness/structure_and_dynamics 
_of_australias_commercial_poultry_and_ratite_industries/chapter_3_tur
key_industry_in_australia 
Chicken eggs 3.01 0.79 www.sunnyqueen.com.au/downloads/education/docs/facts3.pdf 
Pig meat 4.69 0.51 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/118597/bacon-
production-gross-margin-average.pdf 
Fish feed 2.54 0.93 www.espace.library.uq.edu.au/eserv/UQ:40692/WP108.pdf 
Fish area  2.73 
www.apfa.com.au/wp-content/uploads/2009/09/Report-to-Farmers-
2006-07.pdf 
Fish total  0.70  
Seafood feed 4.65 0.51 
www.apfa.com.au/wp-content/uploads/2009/09/Report-to-Farmers-
2006-07.pdf 
Seafood area  4.00 
www.dpi.qld.gov.au/documents/Fisheries_Aquaculture/Australian-
Prawn-Farming-Industry-development-plan.pdf 
Seafood total  0.45  
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Table 21. Climate variability: Yield multipliers on national and state basis for the reduction in yield 
for climate variability parameter. 
 
Probable 
years of 
recurrence 
% yield of average 10 year harvest 
AUS NSW VIC QLD SA WA TAS NT 
1 100% 100% 100% 100% 100% 100% 100% 100% 
2 99% 98% 97% 96% 97% 98% 98% 97% 
3 98% 97% 95% 91% 93% 95% 97% 93% 
4 92% 90% 90% 85% 89% 92% 94% 89% 
5 87% 83% 86% 79% 84% 89% 91% 84% 
6 84% 77% 82% 77% 82% 87% 89% 82% 
7 82% 72% 79% 74% 79% 85% 88% 79% 
8 79% 67% 76% 72% 76% 83% 86% 76% 
9 77% 61% 72% 70% 73% 81% 85% 73% 
10 74% 56% 69% 68% 70% 79% 83% 70% 
11 73% 55% 67% 66% 68% 79% 83% 68% 
12 71% 53% 65% 64% 66% 78% 82% 66% 
13 70% 52% 63% 62% 64% 77% 81% 64% 
14 68% 50% 60% 60% 62% 77% 81% 62% 
15 67% 48% 58% 58% 60% 76% 80% 60% 
16 66% 47% 56% 57% 58% 75% 79% 58% 
17 64% 45% 54% 55% 56% 75% 78% 56% 
18 63% 44% 52% 53% 54% 74% 78% 54% 
19 61% 42% 50% 51% 52% 74% 77% 52% 
20 60% 41% 47% 49% 50% 73% 76% 50% 
21 60% 40% 47% 49% 50% 73% 76% 50% 
22 60% 40% 46% 49% 49% 72% 75% 49% 
23 60% 39% 45% 48% 49% 72% 75% 49% 
24 60% 39% 45% 48% 49% 72% 75% 49% 
25 59% 39% 44% 48% 48% 72% 74% 48% 
26 59% 38% 43% 47% 48% 72% 74% 48% 
27 59% 38% 43% 47% 47% 71% 73% 47% 
28 59% 37% 42% 47% 47% 71% 73% 47% 
29 59% 37% 41% 46% 47% 71% 73% 47% 
30 59% 36% 41% 46% 46% 71% 72% 46% 
31 59% 36% 40% 46% 46% 70% 72% 46% 
32 59% 36% 39% 46% 46% 70% 72% 46% 
33 58% 36% 39% 45% 46% 70% 72% 46% 
34 58% 36% 38% 45% 46% 70% 72% 46% 
35 58% 36% 38% 45% 46% 70% 71% 46% 
36 58% 36% 37% 44% 46% 70% 71% 46% 
37 58% 36% 36% 44% 46% 70% 71% 46% 
38 58% 36% 36% 44% 45% 70% 71% 45% 
39 57% 36% 35% 44% 45% 70% 71% 45% 
40 57% 35% 34% 43% 45% 70% 71% 45% 
41 57% 35% 34% 43% 45% 70% 70% 45% 
42 57% 35% 33% 43% 45% 70% 70% 45% 
43 57% 35% 33% 42% 45% 69% 70% 45% 
44 56% 35% 32% 42% 45% 69% 70% 45% 
45 56% 35% 31% 42% 45% 69% 70% 45% 
46 56% 35% 31% 42% 44% 69% 69% 44% 
47 56% 35% 30% 41% 44% 69% 69% 44% 
48 56% 35% 29% 41% 44% 69% 69% 44% 
49 55% 34% 29% 41% 44% 69% 69% 44% 
50 55% 34% 28% 40% 44% 69% 69% 44% 
51 55% 34% 28% 40% 44% 68% 69% 44% 
52 55% 34% 28% 40% 44% 68% 69% 44% 
53 55% 34% 28% 40% 43% 68% 69% 43% 
54 54% 34% 28% 40% 43% 67% 69% 43% 
55 54% 34% 28% 40% 43% 67% 69% 43% 
56 54% 34% 27% 40% 43% 67% 69% 43% 
57 54% 34% 27% 40% 43% 66% 69% 43% 
58 54% 34% 27% 40% 43% 66% 68% 43% 
59 53% 34% 27% 39% 43% 65% 68% 43% 
60 53% 34% 27% 39% 42% 65% 68% 42% 
61 53% 33% 27% 39% 42% 65% 68% 42% 
62 53% 33% 27% 39% 42% 64% 68% 42% 
63 53% 33% 27% 39% 42% 64% 68% 42% 
64 53% 33% 26% 39% 42% 63% 68% 42% 
65 52% 33% 26% 39% 42% 63% 68% 42% 
66 52% 33% 26% 39% 41% 63% 68% 41% 
67 52% 33% 26% 39% 41% 62% 68% 41% 
68 52% 33% 26% 38% 41% 62% 68% 41% 
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Probable 
years of 
recurrence 
% yield 
of 
average 
10 year 
harvest        
 AUS NSW VIC QLD SA WA TAS NT 
69 52% 33% 26% 38% 41% 61% 68% 41% 
70 51% 33% 26% 38% 41% 61% 68% 41% 
71 51% 33% 25% 38% 41% 61% 68% 41% 
72 51% 32% 25% 38% 40% 60% 68% 40% 
73 51% 32% 25% 38% 40% 60% 68% 40% 
74 51% 32% 25% 38% 40% 59% 68% 40% 
75 50% 32% 25% 38% 40% 59% 68% 40% 
76 50% 32% 25% 37% 40% 59% 68% 40% 
77 50% 32% 25% 37% 40% 58% 68% 40% 
78 50% 32% 25% 37% 39% 58% 68% 39% 
79 50% 32% 24% 37% 39% 57% 68% 39% 
80 49% 32% 24% 37% 39% 57% 68% 39% 
81 49% 32% 24% 37% 39% 57% 68% 39% 
82 49% 32% 24% 37% 39% 56% 68% 39% 
83 49% 32% 24% 37% 39% 56% 68% 39% 
84 49% 31% 24% 37% 38% 55% 68% 38% 
85 48% 31% 24% 36% 38% 55% 67% 38% 
86 48% 31% 24% 36% 38% 55% 67% 38% 
87 48% 31% 23% 36% 38% 54% 67% 38% 
88 48% 31% 23% 36% 38% 54% 67% 38% 
89 48% 31% 23% 36% 38% 53% 67% 38% 
90 48% 31% 23% 36% 37% 53% 67% 37% 
91 47% 31% 23% 36% 37% 53% 67% 37% 
92 47% 31% 23% 36% 37% 52% 67% 37% 
93 47% 31% 23% 36% 37% 52% 67% 37% 
94 47% 31% 23% 35% 37% 52% 67% 37% 
95 47% 30% 22% 35% 37% 51% 67% 37% 
96 46% 30% 22% 35% 37% 51% 67% 37% 
97 46% 30% 22% 35% 36% 50% 67% 36% 
98 46% 30% 22% 35% 36% 50% 67% 36% 
99 46% 30% 22% 35% 36% 50% 67% 36% 
100 46% 30% 22% 35% 36% 49% 67% 36% 
101 45% 30% 22% 35% 36% 49% 67% 36% 
102 45% 30% 22% 34% 36% 48% 67% 36% 
103 45% 30% 21% 34% 35% 48% 67% 35% 
104 45% 30% 21% 34% 35% 48% 67% 35% 
105 45% 30% 21% 34% 35% 47% 67% 35% 
106 44% 30% 21% 34% 35% 47% 67% 35% 
107 44% 29% 21% 34% 35% 46% 67% 35% 
108 44% 29% 21% 34% 35% 46% 67% 35% 
109 44% 29% 21% 34% 34% 46% 67% 34% 
110 44% 29% 20% 34% 34% 45% 67% 34% 
111 43% 29% 20% 33% 34% 45% 67% 34% 
112 43% 29% 20% 33% 34% 44% 66% 34% 
113 43% 29% 20% 33% 34% 44% 66% 34% 
114 43% 29% 20% 33% 34% 44% 66% 34% 
115 43% 29% 20% 33% 33% 43% 66% 33% 
116 42% 29% 20% 33% 33% 43% 66% 33% 
117 42% 29% 20% 33% 33% 42% 66% 33% 
118 42% 28% 19% 33% 33% 42% 66% 33% 
119 42% 28% 19% 33% 33% 42% 66% 33% 
120 42% 28% 19% 32% 33% 41% 66% 33% 
121 42% 28% 19% 32% 32% 41% 66% 32% 
122 41% 28% 19% 32% 32% 40% 66% 32% 
123 41% 28% 19% 32% 32% 40% 66% 32% 
124 41% 28% 19% 32% 32% 40% 66% 32% 
125 41% 28% 19% 32% 32% 39% 66% 32% 
126 41% 28% 18% 32% 32% 39% 66% 32% 
127 40% 28% 18% 32% 32% 38% 66% 32% 
128 40% 28% 18% 31% 31% 38% 66% 31% 
129 40% 28% 18% 31% 31% 38% 66% 31% 
130 40% 27% 18% 31% 31% 37% 66% 31% 
131 40% 27% 18% 31% 31% 37% 66% 31% 
132 39% 27% 18% 31% 31% 37% 66% 31% 
133 39% 27% 18% 31% 31% 36% 66% 31% 
134 39% 27% 17% 31% 30% 36% 66% 30% 
135 39% 27% 17% 31% 30% 35% 66% 30% 
136 39% 27% 17% 31% 30% 35% 66% 30% 
137 38% 27% 17% 30% 30% 35% 66% 30% 
138 38% 27% 17% 30% 30% 34% 66% 30% 
139 38% 27% 17% 30% 30% 34% 65% 30% 
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Probable 
years of 
recurrence 
% yield 
of 
average 
10 year 
harvest        
 AUS NSW VIC QLD SA WA TAS NT 
140 38% 27% 17% 30% 29% 33% 65% 29% 
141 38% 26% 16% 30% 29% 33% 65% 29% 
142 37% 26% 16% 30% 29% 33% 65% 29% 
143 37% 26% 16% 30% 29% 32% 65% 29% 
144 37% 26% 16% 30% 29% 32% 65% 29% 
145 37% 26% 16% 30% 29% 31% 65% 29% 
146 37% 26% 16% 29% 28% 31% 65% 28% 
147 37% 26% 16% 29% 28% 31% 65% 28% 
148 36% 26% 16% 29% 28% 30% 65% 28% 
149 36% 26% 15% 29% 28% 30% 65% 28% 
150 36% 26% 15% 29% 28% 29% 65% 28% 
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Table 22. Demographic profile: Australian demographic profile1261used to calculate the relative 
preference proportions and serving sizes in Dashboard modelling. 
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0 151,948         
1 149,154 0.69%        
2 145,579 0.67%    
13–23 
months 0.69% 
13–23 
months 0.69% 
3 143,329 0.66%    2-3 1.33% 2-3 1.33% 
4 140,194 0.65%        
5 138,558 0.64%        
6 137,565 0.64%        
7 137,952 0.64%        
8 140,658 0.65%    4-8 3.21% 4-8 3.21% 
9 141,515 0.65%        
10 141,816 0.65%        
11 142,333 0.66%    9-11 1.97%   
12 143,656 0.66%        
13 145,060 0.67%    12-13 1.33% 9-13 3.30% 
14 148,156 0.68%        
15 148,568 0.69%        
16 149,819 0.69%      14-16 2.06% 
17 152,522 0.70%        
18 157,250 0.73%    14-18 3.49% 17-1y 1.43% 
19 164,201 0.76%        
20 164,339 0.76%        
21 164,067 0.76%        
22 165,420 0.76%        
23 169,031 0.78%        
24 170,239 0.79%        
25 168,876 0.78%        
26 168,030 0.78%        
27 163,470 0.75%        
28 159,844 0.74%        
29 155,349 0.72%        
30 151,738 0.70%    19-30 9.07% 19-30 9.07% 
31 149,630 0.69%        
32 149,048 0.69%        
33 149,604 0.69%        
34 151,529 0.70%        
35 154,461 0.71%        
36 158,471 0.73%        
37 164,417 0.76%        
38 166,363 0.77%        
39 159,182 0.74%        
40 156,145 0.72%        
41 151,126 0.70%        
42 149,455 0.69%        
43 150,070 0.69%        
44 151,599 0.70%        
45 156,719 0.72%        
46 158,156 0.73%        
47 157,615 0.73%        
48 155,329 0.72%        
49 150,759 0.70%        
50 147,742 0.68%    31-50 14.26% 31-50 14.26% 
                                                 
1261 Australian Bureau of Statistics, "Australian Demographic Statistics." 
    373 
M
A
L
E
S
 
P
o
p
u
la
ti
o
n
 
%
 o
f 
p
o
p
u
la
ti
o
n
 
b
ir
th
s
 /
 f
e
m
a
le
 
P
re
g
n
a
n
t 
fe
m
a
le
s
 /
 
p
o
p
u
la
ti
o
n
 
L
a
c
ta
ti
n
g
 f
e
m
a
le
s
 
S
e
rv
in
g
s
 g
ro
u
p
 (
in
 
y
e
a
rs
 u
n
le
s
s
 s
ta
te
d
 
o
th
e
rw
is
e
) 
S
e
rv
in
g
s
 g
ro
u
p
 %
 
R
e
la
ti
v
e
 p
re
fe
re
n
c
e
 
g
ro
u
p
 (
in
 y
e
a
rs
 
u
n
le
s
s
 s
ta
te
d
 
o
th
e
rw
is
e
) 
R
e
la
ti
v
e
 p
re
fe
re
n
c
e
 
g
ro
u
p
 %
 
51 144,224 0.67%        
52 142,332 0.66%        
53 141,297 0.65%        
54 136,187 0.63%        
55 132,851 0.61%        
56 132,733 0.61%        
57 128,867 0.60%        
58 126,980 0.59%        
59 125,735 0.58%        
60 121,859 0.56%        
61 123,483 0.57%        
62 127,843 0.59%        
63 108,189 0.50%        
64 102,594 0.47%        
65 97,602 0.45%        
66 87,819 0.41%        
67 86,413 0.40%        
68 80,522 0.37%        
69 77,610 0.36%        
70 73,658 0.34%    51-70 10.62% 51-70 10.62% 
71 69,462 0.32%        
72 66,705 0.31%        
73 63,087 0.29%        
74 57,871 0.27%        
75 55,342 0.26%        
76 52,911 0.24%        
77 50,463 0.23%        
78 49,741 0.23%        
79 47,353 0.22%        
80 43,445 0.20%        
81 40,506 0.19%        
82 36,846 0.17%        
83 33,454 0.15%        
84 29,242 0.14%        
85–89 93,398 0.43%        
90–94 27,687 0.13%        
95–99 5,719 0.03%        
100+ 677 0.00%    70+ 3.80% 70+ 3.80% 
All 10,930,363 49.77%        
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0 143,859 0.00%        
1 142,152 0.66%        
2 137,548 0.64%    
13–23 
months 0.66% 
13–23 
months 0.66% 
3 136,600 0.63%    2-3 1.27% 2-3 1.27% 
4 132,056 0.61%        
5 131,144 0.61%        
6 130,640 0.60%        
7 131,177 0.61%        
8 133,554 0.62%    4-8 3.04% 4-8 3.04% 
9 135,005 0.62%        
10 134,918 0.62%        
11 134,952 0.62%    9-11 1.87%   
12 136,569 0.63%        
13 137,290 0.63% 0.02% 0.00%  12-13 1.26% 9-13 3.13% 
14 140,661 0.65% 0.10% 0.00% 0.00%     
15 140,450 0.65% 0.24% 0.00% 0.00%     
16 141,872 0.66% 0.71% 0.00% 0.00%   14-16 1.95% 
17 143,661 0.66% 1.51% 0.01% 0.00%     
18 148,058 0.68% 2.25% 0.02% 0.00% 14-18 3.26% 17-18 1.35% 
19 152,442 0.70% 3.36% 0.02% 0.01% 
pregnant 
14-18 0.03%   
20 152,675 0.71% 4.08% 0.03% 0.01% 
lactating 
14-18 0.01%   
21 152,914 0.71% 4.56% 0.03% 0.01%     
22 154,061 0.71% 5.40% 0.04% 0.02%     
23 158,733 0.73% 5.98% 0.04% 0.02%     
24 161,853 0.75% 6.77% 0.05% 0.02%     
25 161,235 0.74% 7.98% 0.06% 0.02%     
26 161,587 0.75% 9.20% 0.07% 0.03%     
27 158,513 0.73% 10.41% 0.08% 0.03%     
28 156,283 0.72% 11.44% 0.08% 0.04% 
pregnant 
19-30 0.67%   
29 152,984 0.71% 12.23% 0.09% 0.04% 
lactating 
19-30 0.30%   
30 150,935 0.70% 12.83% 0.09% 0.04% 
19-30 (not 
pregnant or 
lactating) 7.68% 19-30 8.65% 
31 148,850 0.69% 13.06% 0.09% 0.04%     
32 149,272 0.69% 12.75% 0.09% 0.04%     
33 149,567 0.69% 12.09% 0.08% 0.04%     
34 152,167 0.70% 11.23% 0.08% 0.04%     
35 156,043 0.72% 9.94% 0.07% 0.04%     
36 160,863 0.74% 8.42% 0.06% 0.04%     
37 167,673 0.77% 6.88% 0.05% 0.03%     
38 169,810 0.78% 5.24% 0.04% 0.03%     
39 160,653 0.74% 4.05% 0.03% 0.02%     
40 158,585 0.73% 2.87% 0.02% 0.01%     
41 153,152 0.71% 1.95% 0.01% 0.01%     
42 151,137 0.70% 1.20% 0.01% 0.01%     
43 152,173 0.70% 0.67% 0.00% 0.00%     
44 154,052 0.71% 0.35% 0.00% 0.00%     
45 158,881 0.73% 0.17% 0.00% 0.00%     
46 161,127 0.74% 0.09% 0.00% 0.00%     
47 160,129 0.74% 0.04% 0.00% 0.00%     
48 158,895 0.73% 0.02% 0.00% 0.00% 
pregnant 
31-50 0.64%   
49 155,022 0.72% 0.03% 0.00% 0.00% 
Lactating 
31-50 0.37%   
50 151,107 0.70%   0.00% 
31-50 (not 
pregnant or 
lactating) 13.44% 31-50 14.45% 
51 148,253 0.68%        
52 145,065 0.67%        
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53 142,957 0.66%        
54 139,352 0.64%        
55 136,046 0.63%        
56 135,290 0.62%        
57 130,570 0.60%        
58 129,289 0.60%        
59 127,796 0.59%        
60 123,207 0.57%        
61 123,750 0.57%        
62 127,974 0.59%        
63 107,147 0.49%        
64 103,265 0.48%        
65 98,827 0.46%        
66 89,504 0.41%        
67 87,678 0.40%        
68 82,478 0.38%        
69 80,022 0.37%        
70 77,358 0.36%    51-70 10.79% 51-70 10.79% 
71 73,788 0.34%        
72 71,655 0.33%        
73 68,062 0.31%        
74 64,283 0.30%        
75 61,262 0.28%        
76 59,916 0.28%        
77 58,302 0.27%        
78 58,966 0.27%        
79 57,718 0.27%        
80 54,667 0.25%        
81 52,558 0.24%        
82 49,602 0.23%        
83 47,392 0.22%        
84 44,244 0.20%        
85–89 162,128 0.75%        
90–94 64,842 0.30%        
95–99 18,132 0.08%        
100+ 2,489 0.01%    70+ 4.94% 70+ 4.94% 
All  11,021,373 50.23%        
TOTAL 21,951,736 100%     100%  100% 
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Table 23. Processing yield sources. 
 
Commodity / process Source 
Wheat extraction 
http://www.graincorp.com.au/prodserv/Harvest%20Reports/09-
10%20GrainCorp%20Harvest%20Report.pdf 
Breakfast cereals:  
Kellogs corn flakes http://www.kelloggs.com.au/Home/Products/Cereal/CornFlakes/tabid/325/Default.aspx 
Kellogs nutrigrain http://www.kelloggs.com.au/Home/Products/Cereal/NutriGrain/tabid/385/Default.aspx 
Kellogs Crispix http://www.kelloggs.com.au/Home/Products/Cereal/Crispix/tabid/328/Default.aspx 
Kellogs Coco pops http://www.kelloggs.com.au/Home/Products/Cereal/CocoPops/tabid/323/Default.aspx 
Kellogs Rice bubbles http://www.kelloggs.com.au/Home/Products/Cereal/RiceBubbles/tabid/386/Default.aspx 
Kellogs sultana bran http://www.kelloggs.com.au/Home/Products/Cereal/SultanaBran/tabid/390/Default.aspx 
Sanitarium kids weetbix http://www.sanitarium.com.au/products/breakfast/weet-bix/kids#menu-2 
Sanitarium apricot weetbix http://www.sanitarium.com.au/products/breakfast/weet-bix/apricot-bites 
Uncle Tobys Natural Style 
Muesli Original Swiss  
http://www.nestleprofessional.com/australia/en/BrandsAndProducts/Brands/UNCLE_TO
BYS/Pages/Natural_Style_Muesli_Original_Swiss_1kg.aspx 
Sanitarium Golden Oats and 
Fruit 
http://www.sanitarium.com.au/products/breakfast/muesli/toasted-golden-oats-and-fruit 
Uncle Tobys toasted muesli 
http://www.nestleprofessional.com/australia/en/BrandsAndProducts/Brands/UNCLE_TO
BYS/Pages/Toasted_Muesli_Bulk_15kg.aspx 
Kelloggs Sustain http://www.kellogg.com.au/Home/Products/Cereal/Sustain/tabid/392/Default.aspx 
Wine 
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/DB7C11BEDC8F135ECA2577
F100147F86/$File/13290_2010.pdf 
Beer  http://www.agmrc.org/media/cms/coors_6C217F1EDB6E5.pdf 
Spirits 
Jacobs, P. and Newman, H. U.S. 1938. Department of Agriculture, Misc. pub. 327, 
December. (as per 
http://journeytoforever.org/biofuel_library/ethanol_motherearth/meCh3.html) 
Pumpkin seed yield http://www.hort.purdue.edu/newcrop/ncnu02/v5-187.html 
Olive oil https://rirdc.infoservices.com.au/downloads/08-052 
Macadamia oil http://www.seoc.com.au/downloads/oily-news-autumn-2010.pdf 
Canola oil http://www.grdc.com.au/uploads/documents/GRDC_Canola_Guide_All_1308091.pdf 
Sesame oil 
http://books.google.com.au/books?id=rChwMIJHdE8C&q=sesame#v=onepage&q=extrac
tion&f=false 
Maize oil 
Gunstone, F. 2011. Vegetable Oils in Food Technology: Composition, Properties and 
Uses. Wiley-Blackwell. 
Grapeseed oil 
http://books.google.com.au/books?id=rChwMIJHdE8C&q=sesame#v=onepage&q=extrac
tion&f=false 
Sugar http://www.gpem.uq.edu.au/docs/CleanProd/LCA_sugarcane_Aus.pdf 
 http://www.gpem.uq.edu.au/docs/CleanProd/LCA_sugarcane_Aus.pdf 
Rice milling http://www.fas.usda.gov/wap/circular/2006/06-01/Grains.xls 
Rye milling http://www.springerlink.com/content/8576878716j75g73/ 
Corn milling http://www.appropedia.org/Original:Small_Scale_Maize_Milling_7 
Barley milling http://www.ressources.ciheam.org/om/pdf/a20/92605070.pdf 
Oats milling http://www.crcnetbase.com/doi/pdf/10.1201/9781420043853-c11 
Maize milling http://www.nda.agric.za/docs/GenReports/FPMC/Vol4_Chap2.pd 
Soy tofu http://www.ag.ndsu.nodak.edu/ndagres/fall98/ar31198d.htm 
Soy milk 
Lucas, E. and Erikson, D. 2989. Food uses of whole oil and protein seeds, American Oil 
Chemists Society. 
Quinoa Dendy, D. 2001. Cereals and Cereal Products: Technology and Chemistry. Springer. 
Legumes 
Chakraverty, A, A Mujumdar, G Raghavan, and H Ramaswamy. 2003. Handbook of 
Postharvest Technology. New York: Marcel Dekker. 
Chickpeas http://onlinelibrary.wiley.com.ezp01.library.qut.edu.au/doi/10.1002/jsfa.3053/pdf 
Lentils 
http://onlinelibrary.wiley.com.ezp01.library.qut.edu.au/doi/10.1002/jsfa.2740570110/abstr
act 
Black beans 
Oomah, B., Ward, S., Balasubramanian, P. 2010. Dehulling and selected physical 
characteristics of Canadian dry bean (Phaseolus vulgaris L.) cultivars. Food Research 
International, 43 (5), pp. 1410-1415. 
Split peas 
http://onlinelibrary.wiley.com.ezp01.library.qut.edu.au/doi/10.1002/(SICI)1097-
0010(199806)77:2%3C251::AID-JSFA31%3E3.0.CO;2-S/pdf 
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Table 24. Organic yield comparison: Comparison of agricultural yields from organic and 
conventional farming methods.1262 
 
                                                 
1262 References for organic yield comparison as follows: 
1. M. H. Ryan, J. W. Derrick, and P. R. Dann, "Grain Mineral Concentrations and Yield of Wheat 
Grown under Organic and Conventional Management," Journal of the Science of Food and 
Agriculture 84, no. 3 (2004). 
2. J. L. Kitchen et al., "Comparing Wheat Grown in South Australian Organic and Conventional 
Farming Systems. 1. Growth and Grain Yield," Australian Journal of Agricultural Research 54, no. 9 
(2003). 
3. Nguyen and Haynes, "Energy and Labour Efficiency for Three Pairs of Conventional and 
Alternative Mixed Cropping (Pasture-Arable) Farms in Canterbury, New Zealand." 
4. H Nieberg and F Offermann, Economic Performance of Organic Farms in Europe. Organic 
Farming in Europe: Economics and Policy, Vol. 5 (Stuttgart - Hohenheim: Universität Hohenheim, 
2000). 
5. Holger Kirchmann et al., "Comparison of Long-Term Organic and Conventional Crop-Livestock 
Systems on a Previously Nutrient-Depleted Soil in Sweden," Agronomy Journal 99, no. 4 (2007). 
6. Gunnar Torstensson, Helena Aronsson, and Lars Bergström, "Nutrient Use Efficiencies and 
Leaching of Organic and Conventional Cropping Systems in Sweden," Agronomy Journal 98, no. 3 
(2006). 
7. Kirchmann et al., Organic Crop Production - Ambitions and Limitations (Can Organic Crop 
Production Feed the World?). 
8. H. Aronsson, G. Torstensson, and L. Bergström, "Leaching and Crop Uptake of N, P and K from 
Organic and Conventional Cropping Systems on a Clay Soil," Soil Use and Management 23, no. 1 
(2007). 
9. Joachim Raupp, "Quality of Plant Products Grown with Manure Fertilization," in 4th workshop on 
Fertilization in Organic Farming (Juva, Finland: Institute for Biodynamic Research, 1996). 
10. Viktoria Olsson et al., "Differences in Meat Quality between Organically and Conventionally 
Produced Pigs," Meat Science 64, no. 3 (2003). 
11. Christel Cederberg and Berit Mattsson, "Life Cycle Assessment of Milk Production - a 
Comparison of Conventional and Organic Farming," Journal of Cleaner Production 8, no. 1 (2000). 
12. Kirchmann et al., Organic Crop Production - Ambitions and Limitations (Can Organic Crop 
Production Feed the World?). 
13. N E Scialabba and C Hattam, Organic Agriculture, Environment, and Food Security (Rome: FAO, 
2002). 
14. Raupp, "Quality of Plant Products Grown with Manure Fertilization." 
15. Guido Haas, Frank Wetterich, and Ulrich Kopke, "Comparing Intensive, Extensified and Organic 
Grassland Farming in Southern Germany by Process Life Cycle Assessment," Agriculture, 
Ecosystems &amp; Environment 83, no. 1-2 (2001). 
16. Ragnar Eltun, Audun Korsaeth, and Olav Nordheim, "A Comparison of Environmental, Soil 
Fertility, Yield, and Economical Effects in Six Cropping Systems Based on an 8-Year Experiment in 
Norway," Agriculture, Ecosystems &amp; Environment 90, no. 2 (2002). 
17. O. Reksen, A. Tverdal, and E. Ropstad, "A Comparative Study of Reproductive Performance in 
Organic and Conventional Dairy Husbandry," Journal of dairy science 82, no. 12 (1999). 
18. Troels Kristensen and Erik Steen Kristensen, "Analysis and Simulation Modelling of the 
Production in Danish Organic and Conventional Dairy Herds," Livestock Production Science 54, no. 1 
(1998). 
19. Karen Refsgaard, Niels Halberg, and Erik Steen Kristensen, "Energy Utilization in Crop and Dairy 
Production in Organic and Conventional Livestock Production Systems," Agricultural Systems 57, no. 
4 (1998). 
20. Paul Mader et al., "Soil Fertility and Biodiversity in Organic Farming," Science 296, no. 5573 
(2002). 
21. C. Castellini, C. Mugnai, and A. Dal Bosco, "Effect of Organic Production System on Broiler 
Carcass and Meat Quality," Meat Science 60, no. 3 (2002). 
22. L. Morbidini et al., "Carcass, Meat and Fat Quality in Italian Merino Derived Lambs Obtained 
with ‘Organic’ Farming Systems,"  (FAO-CIHEAM Network, 1999). 
23. H.L. Tuomisto et al., "Assessing the Environmental Impacts of Contrasting Farming Systems," 
Aspects of Applied Biology 93, no. 1 (2009). 
24. Anthony Trewavas, "A Critical Assessment of Organic Farming-and-Food Assertions with 
Particular Respect to the UK and the Potential Environmental Benefits of No-Till Agriculture," Crop 
Protection 23 (2004). 
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REFERENCE:     1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 
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Unit: % no. % % % % % % % % % % % % % % 
Wheat 69 19 49 83 73 64 69 77 54 62       51     
Maize 82 12       63                     
Potatoes 64 10       69   17 42   88     45   86 
Barley 58 8     63 67 56 53 62 25       62     
Soybeans 88 8       81                     
Oats 71 7       71   59 61 60       63     
Tomatoes 88 7       83                     
Dairy milk 81 6       91             44       
Field beans 82 5       81     85               
Field peas 75 4     85 81     72               
Carrots 91 4       92                   106 
Cabbages 80 3       80                     
Apples 74 3       57                     
Rye 74 3       60               65   95 
Beetroot 81 2                           103 
                                                                                                                                          
25. M. S. Clark et al., "Agronomic, Economic, and Environmental Comparison of Pest Management 
in Conventional and Alternative Tomato and Corn Systems in Northern California," Agriculture, 
Ecosystems & Environment 68, no. 1-2 (1998). 
26. William Lockeretz, Georgia Shearer, and Daniel H. Kohl, "Organic Farming in the Corn Belt," 
Science 211, no. 4482 (1981). 
27. D. D. Poudel et al., "Comparison of Soil N Availability and Leaching Potential, Crop Yields and 
Weeds in Organic, Low-Input and Conventional Farming Systems in Northern California," 
Agriculture, Ecosystems & Environment 90, no. 2 (2002). 
28. Clark et al., "Agronomic, Economic, and Environmental Comparison of Pest Management in 
Conventional and Alternative Tomato and Corn Systems in Northern California." 
29. David Pimentel et al., "Environmental, Energetic, and Economic Comparisons of Organic and 
Conventional Farming Systems," Bioscience 55, no. 7 (2005). 
30. P. M. Porter et al., "Organic and Other Management Strategies with Two- and Four-Year Crop 
Rotations in Minnesota," Agronomy Journal 95, no. 2 (2003). 
31. Gelfand, Snapp, and Robertson, "Energy Efficiency of Conventional, Organic, and Alternative 
Cropping Systems for Food and Fuel at a Site in the US Midwest." 
32. John P. Reganold et al., "Sustainability of Three Apple Production Systems," Nature 410, no. 
6831 (2001). 
33. R. Ford Denison, Dennis C. Bryant, and Thomas E. Kearney, "Crop Yields over the First Nine 
Years of LTRAS, a Long-Term Comparison of Field Crop Systems in a Mediterranean Climate," 
Field Crops Research 86, no. 2-3 (2004). 
34. J Teasdale, C Coffman, and R Mangum, "Potential Long-Term Benefits of No-Tillage and 
Organic Cropping Systems for Grain Production and Soil Improvement," Agronomy Journal 99, no. 5 
(2007). 
35. J.E. Sanchez et al., "Managing Soil Carbon and Nitrogen for Productivity and Environmental 
Quality," Agronomy Journal 96, no. 3 (2004). 
36. Richard G Smith, Fabian D Menalled, and G P Robertson, "Temporal Yield Variability under 
Conventional and Alternative Management Systems," Agronomy Journal 99, no. 6 (2007). 
37. Thomas L. Dobbs and James D. Smolik, "Productivity and Profitability of Conventional and 
Alternative Farming Systems: A Long-Term on-Farm Paired Comparison," Journal of Sustainable 
Agriculture 9, no. 1 (1997). 
38. G.M. Berardi, "Organic and Conventional Wheat Production: Examination of Energy and 
Economics," Agro-Ecosystems 4, no. 3 (1978). 
39. L. E. Drinkwater et al., "Fundamental Differences between Conventional and Organic Tomato 
Agroecosystems in California," Ecological Applications 5, no. 4 (1995). 
40. P. R. Warman and K. A. Havard, "Yield, Vitamin and Mineral Contents of Organically and 
Conventionally Grown Potatoes and Sweet Corn," Agriculture, Ecosystems & Environment 68, no. 3 
(1998). 
41. ———, "Yield, Vitamin and Mineral Contents of Organically and Conventionally Grown Carrots 
and Cabbage," Agriculture, Ecosystems and Environment 61, no. 2-3 (1997). 
42. W Parsons, "Organic Fruit and Vegetable Production: Is It for You?," in Vista on the Agri-Food 
Industry and the Farm Community (Ottawa, Ontario: Statistics Canada, Agriculture Division, 2002). 
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Unit: % no. % % % % % % % % % % % % % % 
Garlic 81 2       63                     
Onions 81 2       74                     
Swedes & turnips 81 2                             
Sweet corn 81 2                             
Zucchini & squash 81 2       88                     
Peaches 81 2       47                     
Pears 81 2       33                     
Sheep meat 81 2     98                       
Rice 81 1                         85   
Chickpeas 81 1       81                     
Mung beans 81 1       81                     
Lentils 81 1       81                     
Sunflower 81 1       67                     
Asparagus 81 1                             
Butter beans 81 1                             
Beans 81 1                             
Broccoli 81 1                             
Cauliflowers 81 1                             
Herbs (incl. basil) 81 1       112                     
Leeks 81 1       105                     
Lettuce (head) 81 1                             
Lettuce (other) 81 1                             
Watermelons 81 1       106                     
Pumpkins 81 1                             
Silverbeet, 
spinach 81 1       105                     
Nectarines 81 1                             
Olives 81 1       87                     
Blueberries 81 1                             
Raspberries 81 1                             
Strawberries 81 1                             
Kiwifruit 81 1       128                     
Grape 81 1       74                     
Sheep wool 81 1     88                       
Cattle meat 81 1       77                     
Chicken meat 81 1                             
Chicken eggs 81 1       91                     
Pig meat 81 1                   96         
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REFERENCE: 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25. 26. 27. 28. 
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Unit: % % % % % % % % % % % % % % 
Wheat   74       91     65 68   57     
Maize                     95 92 101 95 
Potatoes   85       63     56           
Barley   74                         
Soybeans                       95     
Oats                   85         
Tomatoes                     84   94 83 
Dairy milk 80   78 96 95                   
Field beans                 69 72 102       
Field peas                   61         
Carrots                             
Cabbages                             
Apples                             
Rye                             
Beetroot                             
Garlic                             
Onions                             
Swedes & turnips   103                         
Sweet corn                             
Zucchini & squash                             
Peaches                             
Pears                             
Sheep meat               86             
Rice                             
Chickpeas                             
Mung beans                             
Lentils                             
Sunflower                             
Asparagus                             
Butter beans                             
Beans                             
Broccoli                             
Cauliflowers                             
Herbs (incl. basil)                             
Leeks                             
Lettuce (head)                             
Lettuce (other)                             
Watermelons                             
Pumpkins                             
Silverbeet, 
spinach                             
Nectarines                             
Olives                             
Blueberries                             
Raspberries                             
Strawberries                             
Kiwifruit                             
Grape                             
Sheep wool                             
Cattle meat                             
Chicken meat             86               
Chicken eggs                             
Pig meat                             
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REFERENCE: 29. 30. 31. 32. 33. 34. 35. 36. 37. 38. 39. 40. 41. 42. 
Location: U
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Unit: % % % % % % % % % % % % % % 
Wheat     87     85 83 57   71         
Maize 87 80 59   66 78   78 95           
Potatoes                       89     
Barley                             
Soybeans 92 74 89       98 99 78           
Oats   99                         
Tomatoes         111           83     77 
Dairy milk                             
Field beans                             
Field peas                             
Carrots                         106 60 
Cabbages                         98 63 
Apples       85                   79 
Rye                             
Beetroot                           44 
Garlic                           92 
Onions                           37 
Swedes & turnips                           94 
Sweet corn                       85   152 
Zucchini & squash                           73 
Peaches                           70 
Pears                           122 
Sheep meat                             
Rice                             
Chickpeas                             
Mung beans                             
Lentils                             
Sunflower                             
Asparagus                           45 
Butter beans                           88 
Beans                           88 
Broccoli                           56 
Cauliflowers                           45 
Herbs (incl. basil)                             
Leeks                             
Lettuce (head)                           48 
Lettuce (other)                           48 
Watermelons                             
Pumpkins                           56 
Silverbeet, 
spinach                             
Nectarines                           52 
Olives                             
Blueberries                           138 
Raspberries                           91 
Strawberries                           91 
Kiwifruit                             
Grape                             
Sheep wool                             
Cattle meat                             
Chicken meat                             
Chicken eggs                             
Pig meat                             
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Table 25. Land-use defaults: Figures for the Dashboard’s land-use default settings (both long- and 
short-term options). 
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1 AUST: all 305,997 3,639,794 1,914,478 16,298 1,811,007 7,687,574 22,326,388 
2 NSW-ACT:all 87,360 468,924 167,314 5,442 74,111 803,151 7,454,854 
3 NSW-ACT: Border Rivers - Gwydir 14,003 25,253 6,288 56 1,912 47,512 76,371 
4 NSW-ACT: Central West NSW 16,234 47,193 20,879 138 2,648 87,092 188,383 
5 
NSW-ACT: Hawkesbury - Nepean - 
Sydney 389 3,154 6,751 2,973 9,853 23,120 4,073,137 
6 NSW-ACT: Hunter - Central Rivers 583 12,155 12,499 929 7,118 33,284 1,272,855 
7 NSW-ACT: Lachlan 17,896 45,491 13,696 79 4,243 81,405 107,938 
8 NSW-ACT: Lower Murray Darling 1,607 54,984 16,921 23 5,180 78,715 31,567 
9 NSW-ACT: Murray 10,218 17,522 8,339 75 2,786 38,940 102,847 
10 NSW-ACT: Murrumbidgee - ACT 13,876 40,775 23,454 387 6,141 84,633 529,508 
11 NSW-ACT: Namoi 8,527 21,384 15,195 74 3,158 48,338 101,828 
12 NSW-ACT: Northern Rivers 1,034 16,573 22,226 409 10,338 50,580 560,056 
13 NSW-ACT: Southern Rivers 169 6,227 12,637 372 10,713 30,118 509,142 
14 NSW-ACT: Western NSW 2,859 178,139 8,401 27 9,988 199,414 37,528 
15 VIC: all 42,776 70,758 63,684 3,957 46,321 227,496 5,419,900 
16 VIC: Corangamite 1,808 7,048 3,022 284 1,425 13,587 388,836 
17 VIC: East Gippsland 114 2,857 10,311 28 5,939 19,249 38,884 
18 VIC: Glenelg Hopkins 2,794 14,163 6,067 72 3,350 26,446 99,051 
19 VIC: Goulburn Broken 2,550 8,324 11,053 149 2,035 24,111 204,651 
20 VIC: Mallee 14,900 4,567 6,758 46 13,317 39,588 62,521 
21 VIC: North Central Vic 8,799 11,677 6,558 172 2,038 29,244 235,348 
22 VIC: North East Vic 421 5,498 2,957 149 11,209 20,234 204,651 
23 VIC: Port Phillip and Westernport 688 3,627 5,044 2,988 800 13,147 4,093,014 
24 VIC: West Gippsland 289 5,635 9,350 127 2,883 18,284 173,953 
25 VIC: Wimmera 10,368 7,435 2,474 33 3,295 23,605 45,023 
26 QLD: all 33,612 1,304,372 269,139 2,853 119,981 1,729,957 3,908,395 
27 QLD: Border Rivers Maranoa-Balonne 10,799 80,051 8,230 46 1,790 100,916 63,058 
28 QLD: Burdekin 2,250 112,856 12,806 177 6,069 134,158 242,531 
29 QLD: Burnett Mary 1,812 32,769 12,799 217 5,639 53,236 296,812 
30 QLD: Cape York 27 24,934 70,506 22 33,568 129,057 30,028 
31 QLD: Condamine 6,336 13,029 8,894 145 286 28,690 198,067 
32 QLD: Desert Channels 73 480,661 2,445 13 27,148 510,340 18,479 
33 QLD: Fitzroy 5,875 126,578 31,682 169 8,887 173,191 230,982 
34 QLD: Mackay Whitsunday 1,441 3,985 1,423 100 1,562 8,511 137,252 
35 QLD: Northern Gulf 466 134,632 38,672 8 10,850 184,628 10,917 
36 QLD: South East Qld 656 11,632 6,339 2,192 2,420 23,239 3,002,770 
37 QLD: South West Qld 312 168,897 63,380 8 5,723 238,320 11,549 
38 QLD: Southern Gulf 91 175,202 11,936 30 7,871 195,130 40,422 
39 QLD: Wet Tropics 1,793 12,735 2,728 169 8,021 25,446 230,982 
40 SA: all 50,704 425,807 84,010 957 422,702 984,180 1,311,000 
41 SA: Adelaide - Mount Lofty Ranges 1,006 1,616 3,022 916 157 6,717 1,254,449 
42 SA: Alinytjara Wilurara 21 256 3,644 5 278,437 282,363 6,272 
43 SA: Eyre Peninsula 18,405 18,341 15,988 30 11,307 64,071 41,397 
44 SA: Kangaroo Island 246 1,464 1,157 4 1,530 4,401 5,018 
45 SA: Northern and Yorke 15,585 14,269 3,030 92 1,435 34,411 125,445 
46 SA: SA Arid Lands 34 337,070 87,282 23 112,952 537,361 31,361 
47 SA: SA Murray Darling Basin 11,845 27,227 5,723 74 12,083 56,952 101,610 
48 SA: South East SA 3,348 14,937 2,761 58 4,720 25,824 79,030 
49 WA: all 90,227 804,844 1,161,211 1,379 468,914 2,526,575 1,889,000 
50 WA: Avon 42,306 24,368 44,599 41 10,731 122,045 55,850 
51 WA: Northern Agricultural 20,339 24,815 21,211 53 9,367 75,785 72,848 
52 WA: Rangelands 617 725,529 1,043,757 118 419,821 2,189,842 161,481 
53 WA: South Coast WA 16,376 13,263 36,482 51 17,282 83,454 69,206 
54 WA: South West WA 8,944 14,692 19,598 171 8,306 51,711 234,329 
55 WA: Swan 5,035 409 3,541 1,241 3,310 13,536 1,699,796 
56 TAS: all 1,049 11,872 26,626 346 28,125 68,018 474,000 
57 TAS: North Tas 538 5,187 9,947 106 4,198 19,976 144,582 
58 TAS: North West Tas 220 2,173 7,735 84 12,314 22,526 114,595 
59 TAS: South Tas 292 4,513 8,927 181 11,604 25,517 248,467 
60 NT: all 269 553,218 143,292 168 651,251 1,348,198 229,711 
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Table 26. Short-term defaults: Figures for the Dashboard’s short-term default option. 
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1 1 100 13 64 1 0 12 2 0.7 2520 1 23 50 12 1 730 24 
2 1 100 13 64 1 0 12 2 2.3 2520 1 23 50 12 1 730 9 
3 1 100 13 64 1 0 12 2 5.5 2520 1 23 50 12 1 730 4 
4 1 100 13 64 1 0 12 2 1.7 2520 1 23 50 12 1 730 3 
5 1 100 13 64 1 0 12 2 1.8 2520 1 23 50 12 1 730 43 
6 1 100 13 64 1 0 12 2 1.9 2520 1 23 50 12 1 730 21 
7 1 100 13 64 1 0 12 2 1.4 2520 1 23 50 12 1 730 5 
8 1 100 13 64 1 0 12 2 0.5 2520 1 23 50 12 1 730 7 
9 1 100 13 64 1 0 12 2 12.7 2520 1 23 50 12 1 730 7 
10 1 100 13 64 1 0 12 2 6.2 2520 1 23 50 12 1 730 7 
11 1 100 13 64 1 0 12 2 5.4 2520 1 23 50 12 1 730 7 
12 1 100 13 64 1 0 12 2 0.5 2520 1 23 50 12 1 730 20 
13 1 100 13 64 1 0 12 2 1.7 2520 1 23 50 12 1 730 36 
14 1 100 13 64 1 0 12 2 0.1 2520 1 23 50 12 1 730 5 
15 1 100 13 64 1 0 12 2 6.1 2520 1 23 50 12 1 730 20 
16 1 100 13 64 1 0 12 2 0.6 2520 1 23 50 12 1 730 10 
17 1 100 13 64 1 0 12 2 3.3 2520 1 23 50 12 1 730 31 
18 1 100 13 64 1 0 12 2 1.4 2520 1 23 50 12 1 730 13 
19 1 100 13 64 1 0 12 2 15.3 2520 1 23 50 12 1 730 8 
20 1 100 13 64 1 0 12 2 3.2 2520 1 23 50 12 1 730 34 
21 1 100 13 64 1 0 12 2 13.1 2520 1 23 50 12 1 730 7 
22 1 100 13 64 1 0 12 2 7.4 2520 1 23 50 12 1 730 55 
23 1 100 13 64 1 0 12 2 5.9 2520 1 23 50 12 1 730 6 
24 1 100 13 64 1 0 12 2 8.2 2520 1 23 50 12 1 730 16 
25 1 100 13 64 1 0 12 2 0.6 2520 1 23 50 12 1 730 14 
26 1 100 13 64 1 0 12 2 0.7 2520 1 23 50 12 1 730 7 
27 1 100 13 64 1 0 12 2 1.8 2520 1 23 50 12 1 730 2 
28 1 100 13 64 1 0 12 2 1.0 2520 1 23 50 12 1 730 5 
29 1 100 13 64 1 0 12 2 3.9 2520 1 23 50 12 1 730 11 
30 1 100 13 64 1 0 12 2 0.1 2520 1 23 50 12 1 730 26 
31 1 100 13 64 1 0 12 2 8.1 2520 1 23 50 12 1 730 1 
32 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 5 
33 1 100 13 64 1 0 12 2 0.7 2520 1 23 50 12 1 730 5 
34 1 100 13 64 1 0 12 2 28.0 2520 1 23 50 12 1 730 18 
35 1 100 13 64 1 0 12 2 0.1 2520 1 23 50 12 1 730 6 
36 1 100 13 64 1 0 12 2 4.8 2520 1 23 50 12 1 730 10 
37 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 2 
38 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 4 
39 1 100 13 64 1 0 12 2 13.2 2520 1 23 50 12 1 730 32 
40 1 100 13 64 1 0 12 2 0.5 2520 1 23 50 12 1 730 43 
41 1 100 13 64 1 0 12 2 15.2 2520 1 23 50 12 1 730 2 
42 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 99 
43 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 18 
44 1 100 13 64 1 0 12 2 0.3 2520 1 23 50 12 1 730 35 
45 1 100 13 64 1 0 12 2 0.4 2520 1 23 50 12 1 730 4 
46 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 21 
47 1 100 13 64 1 0 12 2 2.4 2520 1 23 50 12 1 730 21 
48 1 100 13 64 1 0 12 2 4.6 2520 1 23 50 12 1 730 18 
49 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 19 
50 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 9 
51 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 12 
52 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 19 
53 1 100 13 64 1 0 12 2 0.9 2520 1 23 50 12 1 730 21 
54 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 16 
55 1 100 13 64 1 0 12 2 3.9 2520 1 23 50 12 1 730 24 
56 1 100 13 64 1 0 12 2 7.7 2520 1 23 50 12 1 730 41 
57 1 100 13 64 1 0 12 2 9.4 2520 1 23 50 12 1 730 21 
58 1 100 13 64 1 0 12 2 13.4 2520 1 23 50 12 1 730 55 
59 1 100 13 64 1 0 12 2 2.5 2520 1 23 50 12 1 730 45 
60 1 100 13 64 1 0 12 2 0.0 2520 1 23 50 12 1 730 48 
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Table 27. Long-term defaults: Figures for the Dashboard’s long-term default option. 
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1 100 100 8 50 3 100 0 100 0.7 253 100 12 100 90 5 500 30 
2 100 100 8 50 3 100 0 100 2.3 253 100 12 100 90 5 500 30 
3 100 100 8 50 3 100 0 100 5.5 253 100 12 100 90 5 500 30 
4 100 100 8 50 3 100 0 100 1.7 253 100 12 100 90 5 500 30 
5 100 100 8 50 3 100 0 100 1.8 253 100 12 100 90 5 500 43 
6 100 100 8 50 3 100 0 100 1.9 253 100 12 100 90 5 500 30 
7 100 100 8 50 3 100 0 100 1.4 253 100 12 100 90 5 500 30 
8 100 100 8 50 3 100 0 100 0.5 253 100 12 100 90 5 500 30 
9 100 100 8 50 3 100 0 100 12.7 253 100 12 100 90 5 500 30 
10 100 100 8 50 3 100 0 100 6.2 253 100 12 100 90 5 500 30 
11 100 100 8 50 3 100 0 100 5.4 253 100 12 100 90 5 500 30 
12 100 100 8 50 3 100 0 100 0.5 253 100 12 100 90 5 500 30 
13 100 100 8 50 3 100 0 100 1.7 253 100 12 100 90 5 500 36 
14 100 100 8 50 3 100 0 100 0.1 253 100 12 100 90 5 500 30 
15 100 100 8 50 3 100 0 100 6.1 253 100 12 100 90 5 500 30 
16 100 100 8 50 3 100 0 100 0.6 253 100 12 100 90 5 500 30 
17 100 100 8 50 3 100 0 100 3.3 253 100 12 100 90 5 500 31 
18 100 100 8 50 3 100 0 100 1.4 253 100 12 100 90 5 500 30 
19 100 100 8 50 3 100 0 100 15.3 253 100 12 100 90 5 500 30 
20 100 100 8 50 3 100 0 100 3.2 253 100 12 100 90 5 500 34 
21 100 100 8 50 3 100 0 100 13.1 253 100 12 100 90 5 500 30 
22 100 100 8 50 3 100 0 100 7.4 253 100 12 100 90 5 500 55 
23 100 100 8 50 3 100 0 100 5.9 253 100 12 100 90 5 500 30 
24 100 100 8 50 3 100 0 100 8.2 253 100 12 100 90 5 500 30 
25 100 100 8 50 3 100 0 100 0.6 253 100 12 100 90 5 500 30 
26 100 100 8 50 3 100 0 100 0.7 253 100 12 100 90 5 500 30 
27 100 100 8 50 3 100 0 100 1.8 253 100 12 100 90 5 500 30 
28 100 100 8 50 3 100 0 100 1.0 253 100 12 100 90 5 500 30 
29 100 100 8 50 3 100 0 100 3.9 253 100 12 100 90 5 500 30 
30 100 100 8 50 3 100 0 100 0.1 253 100 12 100 90 5 500 30 
31 100 100 8 50 3 100 0 100 8.1 253 100 12 100 90 5 500 30 
32 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
33 100 100 8 50 3 100 0 100 0.7 253 100 12 100 90 5 500 30 
34 100 100 8 50 3 100 0 100 28.0 253 100 12 100 90 5 500 30 
35 100 100 8 50 3 100 0 100 0.1 253 100 12 100 90 5 500 30 
36 100 100 8 50 3 100 0 100 4.8 253 100 12 100 90 5 500 30 
37 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
38 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
39 100 100 8 50 3 100 0 100 13.2 253 100 12 100 90 5 500 32 
40 100 100 8 50 3 100 0 100 0.5 253 100 12 100 90 5 500 43 
41 100 100 8 50 3 100 0 100 15.2 253 100 12 100 90 5 500 30 
42 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 99 
43 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
44 100 100 8 50 3 100 0 100 0.3 253 100 12 100 90 5 500 35 
45 100 100 8 50 3 100 0 100 0.4 253 100 12 100 90 5 500 30 
46 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
47 100 100 8 50 3 100 0 100 2.4 253 100 12 100 90 5 500 30 
48 100 100 8 50 3 100 0 100 4.6 253 100 12 100 90 5 500 30 
49 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
50 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
51 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
52 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
53 100 100 8 50 3 100 0 100 0.9 253 100 12 100 90 5 500 30 
54 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 30 
55 100 100 8 50 3 100 0 100 3.9 253 100 12 100 90 5 500 30 
56 100 100 8 50 3 100 0 100 7.7 253 100 12 100 90 5 500 41 
57 100 100 8 50 3 100 0 100 9.4 253 100 12 100 90 5 500 30 
58 100 100 8 50 3 100 0 100 13.4 253 100 12 100 90 5 500 55 
59 100 100 8 50 3 100 0 100 2.5 253 100 12 100 90 5 500 45 
60 100 100 8 50 3 100 0 100 0.0 253 100 12 100 90 5 500 48 
    385 
Table 28. Resource database: Details of all resources included in the Dashboard model together with 
the losses attributed to the processing of each item and the serving size.  
The last two columns also indicate the relative preference of each item within the dietary category or 
within subcategories. For example, for wholemeal bread, it is estimated that it makes up 47.1 percent 
of all whole cereal consumption within the Australian diet, and that 69 percent of wholemeal breads 
are comprised of whole wheat, with spelt, maize, rye and canola making up the remaining 31 percent. 
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Cereal 
whole 
breads 
wholemeal 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 128.9% 100.0% 40 47.1% 69.0% 
  spelt (whole) 100.0% 100.0% 80.0% 88.0% 136.3% 100.0%   7.7% 
  
maize 
(whole) 100.0% 100.0% 80.0% 88.0% 139.4% 100.0%   7.7% 
  rye (whole) 100.0% 100.0% 80.0% 88.0% 128.6% 100.0%   15.3% 
  canola seed 100.0% 100.0% 80.0% 88.0% 42.0% 100.0%   0.4% 
 
breakfast 
cereal 
wholemeal 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 95.3% 100.0% 30 22.2% 60.1% 
  oats (whole) 100.0% 100.0% 81.2% 88.0% 86.1% 100.0%   12.6% 
  
maize 
(whole) 100.0% 100.0% 80.0% 88.0% 91.8% 100.0%   8.5% 
  rice (whole) 100.0% 100.0% 80.0% 88.0% 91.9% 100.0%   6.6% 
  
barley 
(whole) 100.0% 100.0% 80.0% 88.0% 90.3% 100.0%   0.5% 
  grape 100.0% 100.0% 80.4% 88.0% 20.0% 100.0%   2.9% 
  apple 100.0% 100.0% 80.4% 88.0% 12.5% 100.0%   1.0% 
  apricot 100.0% 100.0% 80.4% 88.0% 16.7% 100.0%   0.3% 
  almond 100.0% 100.0% 80.4% 88.0% 45.0% 100.0%   0.3% 
  canola seed 100.0% 100.0% 80.4% 88.0% 42.0% 100.0%   0.4% 
  sugar cane 100.0% 100.0% 80.4% 88.0% 14.3% 100.0%   6.7% 
 
crispbreads 
wholemeal 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 102.2% 100.0% 35 0.8% 64.8% 
  rye (whole) 100.0% 100.0% 80.0% 88.0% 94.6% 100.0%   25.9% 
  
sesame 
seed 100.0% 100.0% 80.0% 88.0% 100.0% 100.0%   0.9% 
  
sunflower 
seed 100.0% 100.0% 80.0% 88.0% 100.0% 100.0%   4.6% 
  oat (whole) 100.0% 100.0% 80.0% 88.0% 72.2% 100.0%   1.0% 
  soy bean 100.0% 100.0% 80.0% 88.0% 100.0% 100.0%   1.4% 
  linseed 100.0% 100.0% 80.0% 88.0% 100.0% 100.0%   1.4% 
 
crumpet / 
muffin 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 135.0% 100.0% 35 0.4% 100.0% 
 muesli oats 100.0% 100.0% 86.0% 88.0% 86.1% 100.0% 30 4.7% 50% 
  wheat 100.0% 100.0% 86.0% 88.0% 86.1% 100.0%   10% 
  maize 100.0% 100.0% 86.0% 88.0% 86.1% 100.0%   4% 
  rice 100.0% 100.0% 86.0% 88.0% 86.1% 100.0%   2% 
  barley 100.0% 100.0% 86.0% 88.0% 86.1% 100.0%   1% 
  rye 100.0% 100.0% 86.0% 88.0% 86.1% 100.0%   1% 
  grape 100.0% 100.0% 86.0% 88.0% 20.0% 91.0%   5% 
  apricot 100.0% 100.0% 86.0% 88.0% 16.7% 91.0%   5% 
  apple 100.0% 100.0% 86.0% 88.0% 12.5% 96.0%   5% 
  almond 100.0% 100.0% 86.0% 88.0% 45.0% 100.0%   3% 
  linseed 100.0% 100.0% 86.0% 88.0% 100.0% 100.0%   3% 
  sugar cane 100.0% 100.0% 86.0% 88.0% 14.3% 100.0%   7% 
  canola seed 100.0% 100.0% 86.0% 88.0% 42.0% 100.0%   5% 
 oats oats (whole) 100.0% 100.0% 86.0% 88.0% 72.2% 100.0% 25 1.3% 100.0% 
 
pasta 
wholemeal 
wheat 
(whole) 100.0% 282.0% 80.0% 88.0% 93.6% 100.0% 120 1.0% 33.3% 
  
buckwheat 
(whole) 100.0% 282.0% 80.0% 88.0% 92.0% 100.0%   33.3% 
  
maize 
(whole) 100.0% 282.0% 80.0% 88.0% 106.0% 100.0%   33.3% 
 porridge oats (whole) 100.0% 578.0% 86.0% 88.0% 72.2% 100.0% 120 19.2% 100.0% 
    386 
RESOURCE DESCRIPTION LOSSES (GIVEN AS % YIELD) 
SERVES & RELATIVE 
PREFERENCES 
D
ie
t 
c
a
te
g
o
ry
 
D
ie
t 
s
u
b
-
c
a
te
g
o
ry
 
R
a
w
 
in
g
re
d
ie
n
ts
 
In
e
d
ib
le
 P
o
rt
io
n
 
C
o
o
k
in
g
 l
o
s
s
 
C
o
n
s
u
m
e
r 
lo
s
s
 
R
e
ta
il
 l
o
s
s
 
P
ro
c
e
s
s
 l
o
s
s
 
P
ri
m
a
ry
 t
o
 
re
ta
il
 l
o
s
s
 
S
e
rv
e
 s
iz
e
 (
g
) 
C
a
te
g
o
ry
 
p
re
fe
re
n
c
e
 
S
u
b
-c
a
te
g
o
ry
 
p
re
fe
re
n
c
e
 
 rice brown rice (whole) 100.0% 335.0% 67.0% 88.0% 80.0% 100.0% 120 3.5% 100.0% 
Cereal 
refined 
breads 
refined 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 96.5% 100.0% 40 43.4% 90.9% 
  
maize 
(whole) 100.0% 100.0% 80.0% 88.0% 114.8% 100.0%   6.1% 
  canola seed 100.0% 100.0% 80.0% 88.0% 42.0% 100.0%   2.3% 
  grape 100.0% 100.0% 80.0% 88.0% 20.0% 91.0%   0.7% 
 
breakfast 
cereal 
refined 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 74.4% 100.0% 30 3.0% 11.4% 
  oats (whole) 100.0% 100.0% 80.0% 88.0% 75.4% 100.0%   1.4% 
  
maize 
(whole) 100.0% 100.0% 80.0% 88.0% 76.6% 100.0%   43.6% 
  rice (whole) 100.0% 100.0% 80.0% 88.0% 71.0% 100.0%   33.6% 
  grape 100.0% 100.0% 80.0% 88.0% 20.0% 91.0%   0.8% 
  apple 100.0% 100.0% 80.0% 88.0% 12.5% 96.0%   0.7% 
  almond 100.0% 100.0% 80.0% 88.0% 45.0% 100.0%   0.2% 
  honey 100.0% 100.0% 80.0% 88.0% 100.0% 100.0%   0.3% 
  sugar cane 100.0% 100.0% 80.0% 88.0% 14.3% 100.0%   8.0% 
 
crispbreads 
refined 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 73.0% 100.0% 35 2.0% 92.5% 
  
sesame 
seed 100.0% 100.0% 80.0% 88.0% 100.0% 100.0%   0.8% 
  canola seed 100.0% 100.0% 80.0% 88.0% 42.0% 100.0%   6.8% 
 
crumpet 
refined 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 97.0% 100.0% 60 1.1% 100.0% 
 
instant 
noodles 
wheat 
(whole) 100.0% 262.0% 80.0% 88.0% 75.5% 100.0% 120 1.5% 100.0% 
 
muffin 
refined 
wheat 
(whole) 100.0% 100.0% 80.0% 88.0% 95.1% 100.0% 35 0.9% 100.0% 
 noodles 
wheat 
(whole) 100.0% 111.5% 80.0% 88.0% 111.3% 100.0% 120 3.1% 50.0% 
  
mung bean 
(whole) 100.0% 262.0% 80.0% 88.0% 100.0% 91.0%   25.0% 
  rice (whole) 100.0% 262.0% 80.0% 88.0% 71.7% 100.0%   25.0% 
 
other refined 
grains 
quinoa 
(whole) 100.0% 300.0% 80.0% 88.0% 90.0% 100.0% 75 0.9% 20% 
  
wheat 
(whole) 100.0% 376.5% 80.0% 88.0% 65.8% 100.0%   40% 
  
maize 
(whole) 100.0% 378.5% 80.0% 88.0% 92.7% 100.0%   20% 
  
barley 
(whole) 100.0% 578.0% 86.0% 88.0% 70.0% 100.0%   10% 
  tapioca 100.0% 578.0% 80.0% 88.0% 43.2% 100.0%   10% 
 pasta refined 
wheat 
(whole) 100.0% 282.0% 80.0% 88.0% 58.8% 100.0% 120 22.2% 100.0% 
 rice white rice (whole) 100.0% 308.0% 67.0% 88.0% 71.5% 100.0% 120 21.9% 100.0% 
Dairy high 
fat custard high milk (cow) 100.0% 100.0% 70.0% 88.0% 67.7% 100.0% 200 0.3% 66.7% 
  egg 100.0% 100.0% 70.0% 88.0% 88.0% 100.0%   20.0% 
  sugar cane 100.0% 100.0% 70.0% 88.0% 14.3% 100.0%   13.3% 
 
cheeses 
regular milk (cow) 99.3% 100.0% 76.3% 94.0% 9.1% 100.0% 40 96.2% 95.7% 
  soy bean 100.0% 100.0% 70.0% 94.0% 54.3% 100.0% 40 96.2% 4.3% 
 milk sheep milk (sheep) 100.0% 100.0% 80.0% 88.0% 100.0% 100.0% 250 1.4% 100.0% 
 
yoghurt 
Greek milk (cow) 100.0% 100.0% 79.0% 88.0% 87.7% 100.0% 200 2.2% 96.5% 
  apricot 100.0% 100.0% 79.0% 88.0% 100.0% 91.0%   0.5% 
  mango 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.5% 
  peach 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.5% 
  passionfruit 100.0% 100.0% 79.0% 88.0% 100.0% 94.5%   0.5% 
  berry 100.0% 100.0% 79.0% 88.0% 100.0% 92.0%   0.5% 
  sugar cane 100.0% 100.0% 79.0% 88.0% 14.3% 100.0%   1.0% 
Dairy 
med fat 
cheese 
reduced fat milk (cow) 100.0% 100.0% 75.1% 94.0% 8.3% 100.0% 40 1.6% 100.0% 
 
custard 
regular milk (cow) 100.0% 100.0% 80.0% 88.0% 90.0% 100.0% 200 4.6% 100.0% 
 
milk Cond 
regular milk (cow) 100.0% 100.0% 85.0% 88.0% 263.2% 100.0% 60 0.4% 100.0% 
 
milk evap 
regular milk (cow) 100.0% 100.0% 85.0% 88.0% 118.5% 100.0% 120 0.1% 100.0% 
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 milk goat milk (goat) 100.0% 100.0% 70.0% 88.0% 100.0% 100.0% 250 0.3% 100.0% 
 milk regular milk (cow) 100.0% 100.0% 80.0% 88.0% 100.0% 100.0% 250 87.3% 100.0% 
 
soy milk 
regular 
soy bean 
(whole) 100.0% 100.0% 80.0% 88.0% 597.0% 100.0% 250 2.5% 100.0% 
 
yoghurt 
regular milk (cow) 100.0% 100.0% 79.0% 88.0% 88.6% 100.0% 200 3.1% 87.2% 
  milk (goat) 100.0% 100.0% 79.0% 88.0% 88.6% 100.0%   4.2% 
  apricot 100.0% 100.0% 79.0% 88.0% 100.0% 91.0%   0.5% 
  pawpaw 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.5% 
  banana 100.0% 100.0% 79.0% 88.0% 100.0% 100.0%   0.5% 
  mango 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.5% 
  peach 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.5% 
  passionfruit 100.0% 100.0% 79.0% 88.0% 100.0% 94.5%   0.5% 
  berries 100.0% 100.0% 79.0% 88.0% 100.0% 92.0%   0.5% 
  oats (whole) 100.0% 100.0% 79.0% 88.0% 72.2% 100.0%   0.5% 
  sugar cane 100.0% 100.0% 79.0% 88.0% 14.3% 100.0%   5.0% 
Dairy low 
fat 
cheese 
reduced fat milk (cow) 100.0% 100.0% 84.6% 92.8% 7.7% 100.0% 40 0.7% 100.0% 
 
custard 
reduced fat milk (cow) 100.0% 100.0% 80.0% 88.0% 88.2% 100.0% 200 0.2% 100.0% 
 
milk 
condensed 
reduced fat milk (cow) 100.0% 100.0% 85.0% 88.0% 34.6% 100.0% 60 0.0% 100.0% 
 
milk 
evaporated 
reduced fat milk (cow) 100.0% 100.0% 85.0% 88.0% 77.9% 100.0% 120 0.1% 100.0% 
 milk skim milk (cow) 100.0% 100.0% 80.0% 88.0% 97.2% 100.0% 250 87.5% 100.0% 
 
soy milk 
reduced fat 
soy bean 
(whole) 100.0% 100.0% 80.0% 88.0% 585.7% 100.0% 250 1.8% 100.0% 
 
yoghurt 
regular fat milk (cow) 100.0% 100.0% 79.0% 88.0% 85.8% 100.0% 200 3.1% 89.6% 
  apricot 100.0% 100.0% 79.0% 88.0% 100.0% 91.0%   0.8% 
  pawpaw 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.8% 
  banana 100.0% 100.0% 79.0% 88.0% 100.0% 100.0%   0.8% 
  mango 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.8% 
  peach 100.0% 100.0% 79.0% 88.0% 100.0% 95.0%   0.8% 
  passionfruit 100.0% 100.0% 79.0% 88.0% 100.0% 94.5%   0.8% 
  berries 100.0% 100.0% 79.0% 88.0% 100.0% 92.0%   0.8% 
  sugar cane 100.0% 100.0% 79.0% 88.0% 14.3% 100.0%   5.0% 
Fruit apple apple 92.0% 100.0% 80.0% 91.4% 100.0% 96.0% 150 28.7% 100.0% 
 banana banana 65.0% 100.0% 80.0% 92.0% 100.0% 100.0% 150 18.1% 100.0% 
 berries berry 99.3% 98.2% 78.3% 92.3% 99.0% 92.6% 150 1.8% 100.0% 
 cherry cherry 85.0% 100.0% 49.0% 96.1% 100.0% 92.0% 150 0.1% 100.0% 
 fig fig 100.0% 100.0% 75.0% 94.0% 100.0% 94.5% 150 0.1% 100.0% 
 grape grape 97.8% 100.0% 70.5% 93.2% 60.0% 91.0% 150 5.4% 100.0% 
 guava guava 78.0% 100.0% 70.0% 86.2% 100.0% 94.5% 150 0.1% 100.0% 
 kiwi kiwifruit 87.5% 100.0% 55.0% 87.3% 100.0% 91.0% 150 1.0% 100.0% 
 lychee lychee 72.0% 100.0% 70.0% 86.2% 100.0% 94.5% 150 0.0% 100.0% 
 mango mango 68.0% 100.0% 87.0% 85.5% 100.0% 95.0% 150 1.4% 100.0% 
 melon melon 66.5% 100.0% 57.0% 82.5% 100.0% 92.0% 150 3.4% 100.0% 
 
orange 
mand 
orange, 
mandarine 78.1% 100.0% 64.0% 88.4% 100.0% 97.0% 150 13.8% 100.0% 
 other citrus other citrus 67.8% 100.0% 53.5% 91.2% 100.0% 96.0% 150 0.8% 100.0% 
 passionfruit passionfruit 41.0% 100.0% 70.0% 86.2% 100.0% 94.5% 150 0.1% 100.0% 
 pawpaw pawpaw 70.0% 100.0% 80.0% 45.1% 100.0% 95.0% 150 0.5% 100.0% 
 pear / quince pear 92.0% 100.0% 80.0% 82.4% 100.0% 95.0% 150 7.1% 100.0% 
 persimmon persimmon 69.0% 100.0% 70.0% 86.2% 100.0% 94.5% 150 0.1% 100.0% 
 pineapple pineapple 67.0% 100.0% 63.0% 85.4% 100.0% 95.0% 150 1.7% 100.0% 
 rhubarb rhubarb 61.0% 97.0% 70.0% 86.2% 100.0% 94.5% 150 0.4% 100.0% 
 stone fruit stone fruit 94.4% 100.0% 73.6% 83.6% 83.3% 93.4% 150 10.2% 100.0% 
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 watermelon watermelon 51.0% 100.0% 87.0% 83.2% 100.0% 90.0% 150 5.1% 100.0% 
Legume beans 
black bean 
(whole) 100.0% 238.0% 90.0% 94.0% 100.0% 100.0% 75 61.5% 33.3% 
  
lima bean 
(whole) 100.0% 245.0% 90.0% 94.0% 100.0% 100.0% 75 61.5% 33.3% 
  
soy bean 
(whole) 100.0% 237.0% 90.0% 94.0% 100.0% 100.0% 75 61.5% 33.3% 
 chickpea 
chickpea 
(whole) 100.0% 207.0% 90.0% 94.0% 67.9% 100.0% 75 10.6% 100.0% 
 lentil lentil (whole) 100.0% 318.0% 90.0% 94.0% 85.3% 100.0% 75 17.9% 100.0% 
 split pea 
field pea 
(whole) 100.0% 257.0% 90.0% 94.0% 79.3% 100.0% 75 2.8% 100.0% 
 tofu 
soy bean 
(whole) 100.0% 100.0% 90.0% 94.0% 397.5% 100.0% 75 7.3% 100.0% 
Meat red beef 
beef 
(dressed) 91.6% 77.2% 80.0% 95.7% 100.0% 100.0% 65 69.2% 100.0% 
 lamb 
lamb 
(dressed) 76.8% 73.7% 80.0% 88.0% 89.4% 100.0% 65 17.9% 100.0% 
 veal 
veal 
(dressed) 79.0% 75.0% 80.0% 74.6% 83.0% 100.0% 65 2.0% 100.0% 
 pork 
pork 
(dressed) 85.4% 63.2% 71.0% 95.6% 77.6% 100.0% 65 10.9% 100.0% 
Meat 
white egg 
egg 
(chicken) 88.0% 98.0% 77.0% 91.0% 100.0% 98.5% 120 14.5% 100.0% 
 fish 
fish (whole, 
farmed) 40.5% 79.5% 60.0% 91.3% 100.0% 100.0% 100 21.3% 100.0% 
 poultry 
chicken 
(dressed) 60.8% 70.6% 85.0% 96.0% 96.5% 100.0% 80 49.6% 90.5% 
  
duck 
(dressed) 34.0% 56.0% 85.0% 96.0% 100.0% 100.0%   4.8% 
  
turkey 
(dressed) 69.0% 79.0% 65.0% 96.5% 100.0% 100.0%   4.8% 
 seafood seafood 34.9% 79.3% 60.0% 90.7% 100.0% 100.0% 100 5.3% 100.0% 
 
legume - 
beans 
black bean 
(whole) 100.0% 238.0% 90.0% 94.0% 100.0% 100.0% 170 5.7% 33.3% 
  
lima bean 
(whole) 100.0% 245.0% 90.0% 94.0% 100.0% 100.0%   33.3% 
  
soy bean 
(whole) 100.0% 237.0% 90.0% 94.0% 100.0% 100.0%   33.3% 
 
legume - 
chickpea 
chickpea 
(whole) 100.0% 207.0% 90.0% 94.0% 67.9% 100.0% 170 1.0% 100.0% 
 
legume - 
lentil lentil (whole) 100.0% 318.0% 90.0% 94.0% 85.3% 100.0% 170 1.7% 100.0% 
 
legume - 
split pea 
field pea 
(whole) 100.0% 257.0% 90.0% 94.0% 79.3% 100.0% 170 0.3% 100.0% 
 
legume - 
tofu 
soy bean 
(whole) 100.0% 100.0% 90.0% 94.0% 397.5% 100.0% 170 0.7% 100.0% 
Nut & 
seed almond 
almond 
(unshelled) 100.0% 100.0% 79.0% 94.0% 100.0% 100.0% 30 9.3% 100.0% 
 cashew 
cashew 
(unshelled) 100.0% 100.0% 82.0% 94.0% 22.0% 100.0% 30 16.8% 100.0% 
 chestnut 
chestnut 
(unshelled) 100.0% 100.0% 82.0% 94.0% 74.0% 100.0% 30 1.9% 100.0% 
 hazelnut 
hazelnut 
(unshelled) 100.0% 100.0% 80.0% 94.0% 46.0% 100.0% 30 3.9% 100.0% 
 linseed 
linseed 
(unshelled) 100.0% 100.0% 85.1% 94.0% 100.0% 100.0% 30 0.2% 100.0% 
 macadamia 
macadamia 
(unshelled) 100.0% 100.0% 92.0% 94.0% 34.0% 100.0% 30 1.2% 100.0% 
 peanut 
peanut 
(unshelled) 100.0% 100.0% 96.0% 94.0% 73.0% 100.0% 30 56.7% 100.0% 
 pecan 
pecan 
(unshelled) 100.0% 100.0% 86.0% 94.0% 49.0% 100.0% 30 0.6% 100.0% 
 pine 
pine 
(unshelled) 100.0% 100.0% 82.0% 94.0% 77.0% 100.0% 30 0.7% 100.0% 
 pistachio 
pistachio 
(unshelled) 100.0% 100.0% 84.0% 94.0% 55.0% 100.0% 30 3.2% 100.0% 
 
pumpkin 
seed 
pumpkin 
seed 100.0% 100.0% 85.1% 94.0% 4.4% 100.0% 30 0.9% 100.0% 
 
sesame 
seed 
sesame 
seed 100.0% 100.0% 85.1% 94.0% 100.0% 100.0% 30 1.2% 100.0% 
 
sunflower 
seed 
sunflower 
seed 100.0% 100.0% 85.1% 94.0% 54.0% 100.0% 30 1.5% 100.0% 
 walnut 
walnut 
(unshelled) 100.0% 100.0% 82.0% 94.0% 46.0% 100.0% 30 2.0% 100.0% 
Vegetable 
- green Asparagus asparagus 82.7% 93.0% 82.0% 90.6% 100.0% 91.0% 75 1.3% 100.0% 
 Basil basil 100.0% 100.0% 73.0% 83.3% 100.0% 91.0% 75 0.0% 100.0% 
 Bean green bean green 80.0% 98.0% 76.0% 85.6% 95.0% 94.0% 75 12.6% 100.0% 
 Broccoflower broccoflower 60.0% 100.0% 88.0% 88.0% 100.0% 92.0% 75 0.1% 100.0% 
 Broccoli broccoli 60.0% 98.1% 88.0% 88.0% 100.0% 92.0% 75 18.9% 100.0% 
 
Brussels 
sprout 
brussels 
sprout 68.0% 91.0% 88.0% 81.2% 100.0% 92.0% 75 1.4% 100.0% 
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 Cabbage cabbage red 83.0% 97.5% 76.0% 85.9% 100.0% 93.0% 75 8.1% 100.0% 
 
Cabbage 
white 
cabbage 
white 80.0% 97.3% 76.0% 85.9% 100.0% 93.0% 75 5.6% 100.0% 
 Cauliflower cauliflower 60.0% 98.0% 91.0% 86.0% 100.0% 92.0% 75 12.3% 100.0% 
 Chicory chicory 80.0% 100.0% 76.0% 52.3% 100.0% 90.0% 75 0.2% 100.0% 
 Chives chives 100.0% 100.0% 73.0% 83.3% 100.0% 91.0% 75 0.0% 100.0% 
 Kale kale 61.0% 102.5% 62.0% 60.8% 100.0% 88.0% 75 0.0% 100.0% 
 Lettuce lettuce 70.0% 100.0% 76.0% 88.7% 100.0% 93.0% 75 15.2% 100.0% 
 Parsley parsley 90.0% 100.0% 73.0% 83.3% 100.0% 91.0% 75 0.2% 100.0% 
 Pea green pea green 36.0% 95.8% 76.0% 94.0% 98.0% 91.7% 75 18.2% 100.0% 
 Silverbeet silverbeet 88.0% 85.3% 91.0% 85.6% 100.0% 88.0% 75 1.5% 100.0% 
 Snowpea snowpea 96.0% 98.5% 76.0% 81.4% 100.0% 94.0% 75 1.4% 100.0% 
 Spinach spinach 74.0% 84.3% 84.8% 87.7% 92.5% 88.0% 75 2.7% 100.0% 
Vegetable 
- orange Carrot carrot 77.0% 94.0% 66.0% 94.9% 100.0% 97.0% 75 57.0% 100.0% 
 Pumpkin pumpkin 82.5% 92.0% 80.0% 88.8% 100.0% 90.0% 75 38.1% 100.0% 
 
Sweet 
potato 
orange 
sweet potato 
orange 92.0% 89.0% 56.0% 85.8% 100.0% 90.0% 75 4.9% 100.0% 
Vegetable 
- other Alfalfa alfalfa 100.0% 100.0% 73.0% 83.3% 100.0% 91.0% 75 0.3% 100.0% 
 Artichoke artichoke 43.0% 94.0% 82.0% 80.7% 100.0% 93.0% 75 0.1% 100.0% 
 Avocado avocado 71.9% 100.0% 68.0% 90.7% 100.0% 94.0% 75 4.3% 100.0% 
 Bean broad bean broad 40.0% 100.0% 73.0% 88.0% 100.0% 92.0% 75 0.6% 100.0% 
 Bean butter 
bean butter / 
lima 42.2% 104.0% 73.0% 88.0% 100.0% 92.0% 75 0.2% 100.0% 
 Beetroot beetroot 69.0% 100.0% 73.0% 83.3% 100.0% 91.0% 75 3.1% 100.0% 
 Capsicum capsicum 80.0% 97.3% 61.0% 92.2% 100.0% 92.0% 75 5.3% 100.0% 
 Celery celery 65.0% 81.5% 61.0% 94.9% 100.0% 93.0% 75 3.3% 100.0% 
 Choko choko 84.0% 91.0% 73.0% 83.3% 100.0% 91.0% 75 0.5% 100.0% 
 Cucumber cucumber 94.7% 100.0% 68.0% 93.9% 100.0% 92.0% 75 8.0% 100.0% 
 Eggplant eggplant 90.0% 93.0% 74.0% 78.7% 100.0% 90.0% 75 0.9% 100.0% 
 Garlic garlic 83.0% 100.0% 57.0% 92.6% 100.0% 81.0% 75 0.1% 100.0% 
 Leek leek 65.0% 85.0% 73.0% 83.3% 100.0% 91.0% 75 0.3% 100.0% 
 Mushroom mushroom 97.0% 76.7% 79.0% 87.3% 100.0% 94.0% 75 5.0% 100.0% 
 Onion onion 80.0% 95.0% 57.0% 90.2% 100.0% 94.0% 75 9.5% 100.0% 
 Onion spring onion spring 78.0% 88.8% 73.0% 83.3% 100.0% 91.0% 75 0.4% 100.0% 
 Parsnip parsnip 80.0% 93.5% 73.0% 83.3% 100.0% 91.0% 75 0.9% 100.0% 
 Radish radish 49.0% 94.0% 53.0% 79.0% 100.0% 97.0% 75 0.1% 100.0% 
 Shallot shallot 72.0% 85.0% 73.0% 83.3% 100.0% 91.0% 75 0.4% 100.0% 
 Sprout mung bean 100.0% 92.5% 73.0% 83.3% 100.0% 91.0% 75 0.9% 100.0% 
 
Sprout 
snowpea snowpea 100.0% 100.0% 73.0% 83.3% 100.0% 91.0% 75 0.1% 100.0% 
 Squash squash 95.0% 85.0% 75.0% 87.5% 100.0% 90.0% 75 0.7% 100.0% 
 Swede swede 89.0% 88.0% 73.0% 83.3% 100.0% 91.0% 75 0.7% 100.0% 
 Tomato tomato 99.0% 100.0% 93.0% 86.8% 100.0% 85.0% 75 49.1% 100.0% 
 Turnip turnip 89.0% 90.3% 73.0% 83.3% 100.0% 91.0% 75 0.5% 100.0% 
 Zucchini zucchini 93.0% 87.3% 75.0% 87.5% 100.0% 90.0% 75 4.7% 100.0% 
Vegetable 
- starch Cassava cassava 95.0% 89.0% 73.0% 83.3% 100.0% 91.0% 75 0.0% 100.0% 
 Potato potato 85.2% 83.5% 84.0% 93.5% 86.9% 96.0% 75 93.1% 100.0% 
 
Sweet 
potato sweet potato 92.0% 92.7% 56.0% 85.8% 100.0% 90.0% 75 1.6% 100.0% 
 Sweetcorn 
sweetcorn 
(whole) 76.0% 88.0% 73.3% 96.7% 76.0% 92.0% 75 5.3% 100.0% 
Fat & oil butter milk (cow) 100.0% 100.0% 65.0% 93.0% 19.5% 100.0% 10 26.8% 100.0% 
 margarine canola seed 100.0% 100.0% 65.0% 93.0% 60.9% 100.0% 10 66.4% 40.0% 
  olive 100.0% 100.0% 65.0% 93.0% 41.2% 100.0%   30.0% 
  
sunflower 
seed 100.0% 100.0% 65.0% 93.0% 57.4% 100.0%   30.0% 
 Oil, canola canola seed 100.0% 100.0% 85.0% 79.0% 42.0% 100.0% 7 6.8% 10.0% 
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Oil, olive, 
pure olive 100.0% 100.0% 85.0% 79.0% 18.0% 100.0%   10.0% 
 
Oil, 
macadamia 
macadamia 
(unshelled) 100.0% 100.0% 85.0% 79.0% 17.0% 100.0%   10.0% 
 
Oil, 
grapeseed grape 100.0% 100.0% 85.0% 79.0% 28.5% 100.0%   10.0% 
 
Oil, linseed 
or flaxseed linseed 100.0% 100.0% 85.0% 79.0% 35.0% 100.0%   10.0% 
 Oil, maize 
maize 
(whole) 100.0% 100.0% 85.0% 79.0% 5.0% 100.0%   10.0% 
 Oil, sesame sesame 100.0% 100.0% 85.0% 79.0% 47.0% 100.0%   10.0% 
 
Oil, 
sunflower sunflower 100.0% 100.0% 85.0% 79.0% 40.5% 100.0%   10.0% 
 Oil, soybean 
soy bean 
(whole) 100.0% 100.0% 85.0% 79.0% 18.5% 100.0%   10.0% 
 Oil, peanut peanut 100.0% 100.0% 85.0% 79.0% 31.0% 100.0%   10.0% 
Other 
Alcohol - 
beer 
barley 
(whole) 100.0% 100.0% 90.0% 94.0% 873.1% 100.0% 285 76.6% 100.0% 
 
Alcohol - 
wine grape 100.0% 100.0% 90.0% 94.0% 70.3% 100.0% 100 21.9% 100.0% 
 
Alcohol - 
bourbon & 
cola 
maize 
(whole) 100.0% 100.0% 90.0% 94.0% 576.9% 100.0% 285 0.1% 100.0% 
 
Alcohol - 
vodka & 
lemonade 
wheat 
(whole) 100.0% 100.0% 90.0% 94.0% 583.8% 100.0% 285 0.1% 100.0% 
 
Alcohol - 
rum & cola sugar cane 100.0% 100.0% 90.0% 94.0% 104.4% 100.0% 285 0.1% 100.0% 
 
Soft drink, 
cola flavour sugar cane 100.0% 100.0% 90.0% 94.0% 754.3% 100.0% 285 1.3% 100.0% 
 
Non-alcohol 
- coffee 
coffee 
(green 
bean) 100.0% 588.2% 85.0% 99.0% 84.0% 100.0% 100 39.8% 100.0% 
 
Non-alcohol 
- soft drink sugar cane 100.0% 100.0% 90.0% 94.0% 754.3% 100.0% 375 20.9% 100.0% 
 
Non-alcohol 
- teas (black) 
tea leaf 
(green) 100.0% 566.0% 85.0% 99.0% 22.5% 100.0% 100 39.4% 100.0% 
 
Sweetening 
- honey honey 100.0% 100.0% 85.0% 89.0% 100.0% 100.0% 20 1.3% 100.0% 
 
Sweetening 
- sugar sugar cane 100.0% 100.0% 66.0% 89.0% 14.3% 100.0% 20 98.7% 100.0% 
Lacto-ovo 
diet 
legume - 
beans 
black bean 
(whole) 100.0% 238.0% 90.0% 94.0% 100.0% 100.0% 210 43.9% 33.3% 
  
lima bean 
(whole) 100.0% 245.0% 90.0% 94.0% 100.0% 100.0%   33.3% 
  
soy bean 
(whole) 100.0% 237.0% 90.0% 94.0% 100.0% 100.0%   33.3% 
 
legume - 
chickpea 
chickpea 
(whole) 100.0% 207.0% 90.0% 94.0% 67.9% 100.0% 210 7.6% 100.0% 
 
legume - 
lentil lentil (whole) 100.0% 318.0% 90.0% 94.0% 85.3% 100.0% 210 12.8% 100.0% 
 
legume - 
split pea 
field pea 
(whole) 100.0% 257.0% 90.0% 94.0% 79.3% 100.0% 210 2.0% 100.0% 
 
legume - 
tofu 
soy bean 
(whole) 100.0% 100.0% 90.0% 94.0% 397.5% 100.0% 210 5.2% 100.0% 
 
n&s - 
almond 
almond 
(unshelled) 100.0% 100.0% 79.0% 94.0% 100.0% 100.0% 210 1.3% 100.0% 
 
n&s - 
cashew 
cashew 
(unshelled) 100.0% 100.0% 82.0% 94.0% 22.0% 100.0% 210 2.4% 100.0% 
 
n&s - 
chestnut 
chestnut 
(unshelled) 100.0% 100.0% 82.0% 94.0% 74.0% 100.0% 210 0.3% 100.0% 
 
n&s - 
hazelnut 
hazelnut 
(unshelled) 100.0% 100.0% 80.0% 94.0% 46.0% 100.0% 210 0.6% 100.0% 
 n&s - linseed 
linseed 
(unshelled) 100.0% 100.0% 85.1% 94.0% 100.0% 100.0% 210 0.0% 100.0% 
 
n&s - 
macadamia 
macadamia 
(unshelled) 100.0% 100.0% 92.0% 94.0% 34.0% 100.0% 210 0.2% 100.0% 
 n&s - peanut 
peanut 
(unshelled) 100.0% 100.0% 96.0% 94.0% 73.0% 100.0% 210 8.1% 100.0% 
 n&s - pecan 
pecan 
(unshelled) 100.0% 100.0% 86.0% 94.0% 49.0% 100.0% 210 0.1% 100.0% 
 n&s - pine 
pine 
(unshelled) 100.0% 100.0% 82.0% 94.0% 77.0% 100.0% 210 0.1% 100.0% 
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n&s - 
pistachio 
pistachio 
(unshelled) 100.0% 100.0% 84.0% 94.0% 55.0% 100.0% 210 0.5% 100.0% 
 
n&s - 
pumpkin 
seed 
pumpkin 
seed 100.0% 100.0% 85.1% 94.0% 4.4% 100.0% 210 0.1% 100.0% 
 
n&s - 
sesame 
seed 
sesame 
seed 100.0% 100.0% 85.1% 94.0% 100.0% 100.0% 210 0.2% 100.0% 
 
n&s - 
sunflower 
seed 
sunflower 
seed 100.0% 100.0% 85.1% 94.0% 54.0% 100.0% 210 0.2% 100.0% 
 n&s - walnut 
walnut 
(unshelled) 100.0% 100.0% 82.0% 94.0% 46.0% 100.0% 210 0.3% 100.0% 
 egg 
egg 
(chicken) 88.0% 98.0% 77.0% 91.0% 100.0% 98.5% 210 14.3% 100.0% 
Fibre wool wool 100.0% 100.0% 100.0% 100.0% 69.0% 100.0% 11500 12.0% 100.0% 
 cotton cotton 100.0% 100.0% 100.0% 100.0% 83.6% 100.0% 11500 88.0% 100.0% 
Biofuel Ethanol sugar cane 100.0% 100.0% 100.0% 100.0% 6.3% 100.0% 1,995,840 55.0% 90.0% 
  
wheat 
(whole) 100.0% 100.0% 100.0% 100.0% 28.5% 100.0%   5.0% 
  oats (whole) 100.0% 100.0% 100.0% 100.0% 28.5% 100.0%   1.0% 
  
maize 
(whole) 100.0% 100.0% 100.0% 100.0% 28.5% 100.0%   1.0% 
  
triticale 
(whole) 100.0% 100.0% 100.0% 100.0% 28.5% 100.0%   1.0% 
  
sorghum 
(whole) 100.0% 100.0% 100.0% 100.0% 28.5% 100.0%   1.0% 
  
barley 
(whole) 100.0% 100.0% 100.0% 100.0% 28.5% 100.0%   1.0% 
 biodiesel canola seed 100.0% 100.0% 100.0% 100.0% 14.8% 100.0% 2,217,600 45.0% 20.0% 
  olive 100.0% 100.0% 100.0% 100.0% 6.3% 100.0%   10.0% 
  
macadamia 
(unshelled) 100.0% 100.0% 100.0% 100.0% 6.0% 100.0%   10.0% 
  grape 100.0% 100.0% 100.0% 100.0% 10.0% 100.0%   10.0% 
  linseed 100.0% 100.0% 100.0% 100.0% 12.3% 100.0%   10.0% 
  sesame 100.0% 100.0% 100.0% 100.0% 16.5% 100.0%   10.0% 
  sunflower 100.0% 100.0% 100.0% 100.0% 14.3% 100.0%   10.0% 
  
soy bean 
(whole) 100.0% 100.0% 100.0% 100.0% 6.5% 100.0%   10.0% 
  peanut 100.0% 100.0% 100.0% 100.0% 10.9% 100.0%   10.0% 
Timber 
(m3/year) timber timber 100.0% 100.0% 100.0% 100.0% 56.6% 100.0% 1.0 100.0% 100.0% 
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 Table 29. Dietary servings: Dietary servings of each food category according to changes in activity 
levels and meat-egg percentages. 
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1 0.0 45 0 0 0 0 10 32 0 0 16 8 8 10 5 6 0 0 7551 
1 0.5 45 0 0 0 0 10 28 0 0 14 8 8 10 5 5 0 2 7545 
1 1.0 44 0 0 0 0 10 24 0 0 12 8 8 10 5 5 0 3 7540 
1 1.5 44 0 0 0 0 10 20 0 0 10 8 8 10 5 4 0 5 7534 
1 2.0 41 0 1 0 6 10 14 0 0 7 7 7 10 5 4 0 7 7527 
1 2.5 38 0 2 0 13 10 7 0 0 4 7 7 10 5 4 0 9 7519 
1 3.0 37 1 2 0 13 10 6 1 1 4 7 7 10 5 5 0 8 7532 
1 3.5 36 2 3 0 13 11 6 1 1 4 7 7 10 5 6 0 7 7545 
1 4.0 34 4 3 0 14 11 6 2 2 4 7 7 11 5 8 0 6 7558 
1 4.5 33 5 3 0 14 11 5 2 3 4 7 7 11 5 9 0 5 7571 
1 5.0 32 6 3 0 15 12 5 3 3 4 7 7 12 5 11 0 4 7584 
1 5.5 31 7 3 0 15 12 5 4 4 4 7 7 12 5 12 0 3 7597 
1 6.0 29 9 3 0 15 12 4 4 5 4 7 7 12 5 13 0 3 7611 
1 6.5 28 10 3 0 16 13 4 5 5 4 7 7 13 5 15 0 2 7624 
1 7.0 27 11 3 0 16 13 4 6 6 4 7 7 13 5 16 0 1 7637 
1 7.5 26 12 3 0 16 14 3 6 7 4 7 7 14 6 17 0 0 7650 
1 8.0 25 13 3 0 15 13 3 7 7 3 7 7 13 6 17 1 0 7630 
1 8.5 24 13 3 1 14 12 3 7 7 3 7 6 12 6 16 1 0 7611 
1 9.0 23 14 3 1 13 12 2 8 7 3 6 6 11 7 15 2 0 7591 
1 9.5 23 14 3 2 12 11 2 8 7 3 6 5 10 7 14 2 0 7571 
1 10.0 22 15 4 2 11 10 2 9 7 2 6 5 10 7 13 3 0 7552 
1 10.5 21 15 4 2 10 10 2 9 7 2 6 5 9 8 12 3 0 7532 
1 11.0 20 16 4 3 9 9 1 9 7 2 6 4 8 8 11 4 0 7512 
1 11.5 20 16 4 3 8 8 1 10 7 2 5 4 7 8 11 4 0 7493 
1 12.0 19 16 4 4 7 8 1 10 6 1 5 3 7 9 10 5 0 7473 
1 12.5 18 17 4 4 6 7 0 11 6 1 5 3 6 9 9 5 0 7454 
1 13.0 17 17 5 5 5 7 0 11 6 1 5 3 5 9 8 5 0 7434 
1 13.5 17 17 5 5 3 7 0 12 7 1 5 3 5 9 7 6 0 7434 
1 14.0 17 17 5 5 2 7 0 12 7 1 5 3 5 9 6 6 0 7434 
1 14.5 17 17 5 5 1 7 0 12 7 1 5 3 5 9 5 6 0 7434 
1 15.0 17 17 5 6 0 7 0 12 7 1 5 3 5 9 4 6 0 7434 
2 0.0 50 0 0 0 0 13 55 0 0 19 10 10 13 8 7 0 0 9746 
2 0.5 50 0 0 0 0 13 49 0 0 17 10 10 13 8 6 0 2 9747 
2 1.0 49 0 0 0 0 13 43 0 0 15 10 10 13 8 5 0 4 9749 
2 1.5 49 0 0 0 0 13 37 0 0 13 10 10 13 8 5 1 7 9750 
2 2.0 48 0 2 1 7 13 24 0 0 10 9 9 13 8 5 1 9 9752 
2 2.5 46 0 3 1 13 13 11 0 0 7 8 7 12 7 5 1 11 9753 
2 3.0 44 2 3 1 13 13 10 1 1 7 8 7 13 7 7 1 10 9757 
2 3.5 43 3 3 1 14 14 10 1 1 7 8 7 13 7 9 1 9 9760 
2 4.0 41 5 3 1 14 14 9 2 2 7 8 7 14 7 10 1 8 9764 
2 4.5 40 6 3 1 15 14 9 3 3 7 8 7 14 8 12 1 7 9768 
2 5.0 38 8 3 1 15 15 8 3 3 7 8 7 15 8 14 2 6 9772 
2 5.5 37 10 3 1 16 15 8 4 4 6 8 7 15 8 16 2 4 9775 
2 6.0 35 11 3 1 16 16 7 4 5 6 8 7 16 8 17 2 3 9779 
2 6.5 33 13 3 1 17 16 7 5 5 6 8 7 16 8 19 2 2 9783 
2 7.0 32 14 3 1 17 16 6 6 6 6 9 8 17 8 21 2 1 9786 
2 7.5 30 16 3 1 17 17 6 6 7 6 9 8 17 8 23 2 0 9790 
2 8.0 30 17 3 1 16 16 5 7 7 6 8 7 16 9 22 3 0 9790 
2 8.5 29 17 4 2 15 15 5 8 7 5 8 7 15 9 20 3 0 9790 
2 9.0 28 18 4 2 14 14 4 9 7 5 8 6 14 9 19 3 0 9790 
2 9.5 28 19 4 3 13 14 4 9 7 4 8 6 13 10 18 4 0 9790 
2 10.0 27 19 4 3 12 13 3 10 8 4 8 6 12 10 17 4 0 9790 
2 10.5 26 20 5 4 11 12 3 11 8 3 7 5 12 10 16 5 0 9790 
2 11.0 26 20 5 4 10 12 2 12 8 3 7 5 11 11 15 5 0 9790 
2 11.5 25 21 5 5 9 11 2 13 8 2 7 5 10 11 14 6 0 9790 
2 12.0 24 22 5 5 8 10 1 13 8 2 7 4 9 11 13 6 0 9790 
2 12.5 24 22 6 6 7 9 1 14 8 2 7 4 8 12 12 7 0 9790 
2 13.0 23 23 6 6 6 9 0 15 8 1 6 4 7 12 11 7 0 9790 
2 13.5 23 23 6 6 5 9 0 15 9 1 6 4 7 12 9 7 0 9790 
2 14.0 23 23 6 7 4 9 0 15 9 1 6 4 7 12 8 8 0 9790 
2 14.5 23 23 6 7 2 9 0 16 9 1 6 4 7 12 6 8 0 9790 
2 15.0 23 23 6 7 1 9 0 16 9 1 6 4 7 12 5 8 0 9790 
3 0.0 58 0 0 0 0 15 65 0 0 23 13 12 16 15 9 0 0 11753 
3 0.5 58 0 0 0 0 15 59 0 0 21 13 12 16 15 8 0 2 11745 
3 1.0 58 0 0 0 0 15 52 0 0 19 13 12 16 15 7 0 5 11738 
3 1.5 58 0 0 0 0 15 46 0 0 16 13 12 16 15 6 0 7 11730 
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3 2.0 58 0 2 1 7 15 31 0 0 13 12 11 16 14 6 0 10 11723 
3 2.5 58 0 3 2 13 15 17 0 0 10 11 10 15 13 5 0 12 11715 
3 3.0 56 2 3 2 13 16 16 1 1 10 11 10 16 13 7 0 11 11699 
3 3.5 54 4 3 2 14 16 15 1 1 10 11 10 16 14 9 0 10 11682 
3 4.0 52 7 3 2 14 17 14 2 2 10 11 10 17 14 11 0 8 11666 
3 4.5 50 9 3 2 15 17 14 3 3 9 11 10 18 14 13 0 7 11649 
3 5.0 48 11 3 2 15 18 13 3 3 9 11 10 18 15 15 0 6 11633 
3 5.5 46 13 3 2 15 18 12 4 4 9 11 10 19 15 17 0 5 11617 
3 6.0 44 16 3 2 16 19 11 5 5 9 11 10 20 15 19 0 4 11600 
3 6.5 42 18 3 2 16 19 10 5 5 9 11 10 21 16 21 0 2 11584 
3 7.0 40 20 3 2 16 20 9 6 6 9 11 10 21 16 23 0 1 11567 
3 7.5 39 22 3 2 17 20 9 7 7 9 11 10 22 16 25 0 0 11551 
3 8.0 37 23 3 2 16 19 8 8 7 8 11 10 21 16 24 1 0 11551 
3 8.5 36 23 4 3 15 19 7 9 7 7 10 9 19 16 22 2 0 11551 
3 9.0 35 24 4 3 14 18 6 10 8 7 10 8 18 16 21 2 0 11551 
3 9.5 34 24 4 4 13 17 5 11 8 6 10 8 17 16 20 3 0 11551 
3 10.0 33 25 5 4 12 16 5 12 8 5 9 7 15 15 19 4 0 11551 
3 10.5 32 25 5 5 11 15 4 13 9 5 9 7 14 15 18 5 0 11551 
3 11.0 31 25 6 5 11 14 3 14 9 4 9 6 13 15 17 5 0 11551 
3 11.5 30 26 6 6 10 13 2 15 9 3 9 6 12 15 16 6 0 11551 
3 12.0 29 26 6 6 9 12 2 16 9 3 8 5 10 15 15 7 0 11551 
3 12.5 28 27 7 7 8 11 1 17 10 2 8 5 9 14 14 8 0 11551 
3 13.0 27 27 7 7 7 10 0 18 10 1 8 4 8 14 12 8 0 11551 
3 13.5 27 27 7 7 6 10 0 18 10 1 8 4 8 14 11 9 0 11551 
3 14.0 27 27 7 7 5 10 0 19 11 1 8 4 8 14 9 9 0 11551 
3 14.5 27 27 7 7 3 10 0 19 11 1 8 4 8 14 7 9 0 11551 
3 15.0 27 27 7 7 2 10 0 20 11 1 8 4 8 14 5 9 0 11551 
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Table 30. Agricultural yields: Figures for the Dashboard’s agricultural yields at the national and 
state scales plus just Southeast Queensland at the regional scale for each of the basic commodities.1263 
 
RESOURCE ITEM YIELD BY ZONE 
Region name AUS 
NSW-
ACT VIC QLD SA WA TAS NT 
South 
East Qld 
Region number 1 2 15 26 40 49 56 60 36 
Wheat (g/m²) 136 123 129 144 126 153 347 0 194 
Oats (g/m²) 125 72 142 50 101 187 156 0 166 
Barley (g/m²) 155 124 146 136 154 185 270 0 207 
Sorghum (g/m²) 302 340 107 283 232 175 163 289 415 
Maize (g/m²) 533 720 786 408 495 414 489 264 430 
Rice (g/m²) 1013 1000 1035 0 0 0 0 0 0 
Triticale (g/m²) 117 138 111 115 83 116 244 0 192 
Sugar cane (g/m²) 6968 6774 0 6970 0 9811 0 5071 5161 
Canola (g/m²) 103 74 97 49 108 119 123 0 171 
Chickpeas (g/m²) 102 110 52 109 75 90 0 0 219 
Field beans (g/m²) 105 130 79 65 125 112 323 76 98 
Mung beans (g/m²) 73 103 57 68 53 0 0 59 51 
Field peas (g/m²) 83 63 60 40 97 88 221 60 102 
Lentils (g/m²) 72 64 56 49 94 113 0 0 0 
Peanuts (g/m²) 170 334 0 169 0 193 0 385 218 
Soybeans (g/m²) 193 192 154 190 0 0 0 52 172 
Sunflower (g/m²) 98 101 100 86 80 0 0 0 117 
Artichokes (globe) (g/m²) 451 407 478 0 262 324 406 0 0 
Asian vegetables (g/m²) 1620 1730 1296 1893 668 2714 167 981 2832 
Asparagus (g/m²) 475 401 484 139 0 255 0 0 423 
Beans (butter) (g/m²) 527 206 177 318 121 176 943 384 254 
Beans (French & runner) (g/m²) 532 293 359 475 129 442 887 490 362 
Beetroot (g/m²) 2731 1839 1682 2873 2451 3614 2149 1987 2825 
Broccoli (g/m²) 693 497 681 648 730 1008 732 0 619 
Brussels sprouts (g/m²) 2244 1981 1631 2000 3142 0 1506 0 0 
Cabbages (g/m²) 3741 3139 3782 3967 4705 4319 2721 2722 3629 
Capsicums (g/m²) 2320 779 2048 2486 1017 1089 0 1689 1645 
Chillies (g/m²) 1097 457 951 1287 388 908 0 189 446 
Carrots (g/m²) 4771 3413 3121 3389 5883 5768 7055 0 3379 
Cauliflowers (g/m²) 2183 2346 1933 2237 3416 2151 1818 0 2078 
Celery (g/m²) 4769 2396 5074 4658 2831 3753 4457 0 5172 
Cucumber (g/m²) 1180 898 771 1257 1138 1232 1606 1194 854 
Eggplant (g/m²) 1634 1437 1218 1715 1693 1748 0 773 1434 
Garlic (g/m²) 394 331 250 125 758 287 542 0 177 
Ginger (g/m²) 3345 0 0 3346 0 0 0 2434 3631 
Parsley (g/m²) 907 941 826 1062 1524 1081 265 660 1025 
Other herbs (incl. basil) (g/m²) 833 1159 618 1123 402 689 473 243 1638 
Leeks (g/m²) 1791 780 1889 1391 2372 1139 2096 0 0 
Lettuce (head) (g/m²) 2630 2332 2391 2987 2662 2708 1375 1914 3412 
Lettuce (other) (g/m²) 1391 3759 792 1607 3261 1344 877 1012 1995 
Honeydews (g/m²) 2031 2559 1000 2005 2223 1691 0 2499 1507 
Rock and cantaloupe (g/m²) 2444 2899 1986 2328 1711 2166 0 2408 980 
Watermelons (g/m²) 3061 3613 3799 2725 3780 2925 0 3811 1932 
Mushrooms (g/m²) 31 35 27 31 35 22 46 0 29 
Okra (g/m²) 272 0 0 0 0 0 0 273 0 
Onions (g/m²) 4709 3296 3920 3432 5454 6263 5169 2593 3492 
Parsnips (g/m²) 2011 1907 1898 0 3601 1611 1109 0 0 
Peas (green) (g/m²) 1088 146 214 435 191 283 1133 0 1341 
Potatoes (g/m²) 3266 2282 2839 2415 3369 4091 4364 2377 2271 
Pumpkins (g/m²) 1682 1833 1351 1442 2008 2188 1688 2266 1316 
Radish (g/m²) 1196 1137 1406 715 1111 1125 1257 0 867 
Silverbeet and spinach (g/m²) 700 995 600 637 1193 622 784 509 847 
Snow peas, sugarsnap (g/m²) 231 142 166 539 174 202 314 0 170 
Onions, shallots (g/m²) 1354 1140 1028 1359 1967 2648 865 0 1363 
Swedes and turnips (g/m²) 1894 1811 1526 869 1169 1442 2350 0 1611 
Sweet corn (g/m²) 1248 1494 1325 949 876 1552 926 908 989 
Sweet potatoes (g/m²) 2788 2937 0 2839 2590 1893 2899 2029 2280 
Tomatoes (g/m²) 5481 5112 6614 4108 5091 4515 18440 2194 2876 
Zucchini, button squash (g/m²) 974 660 1191 951 1258 1601 1672 719 800 
Oranges (g/m²) 1420 1260 1535 1524 1822 575 0 1522 1322 
Lemons (g/m²) 1589 886 1395 2266 1958 1619 0 178 651 
Limes (g/m²) 569 400 799 634 354 325 0 211 312 
Mandarins (g/m²) 1340 843 958 1613 1255 547 0 975 1051 
Grapefruit (g/m²) 1255 1213 1568 1589 1800 672 0 275 785 
Apricots (g/m²) 1044 428 1361 524 1037 585 298 0 1288 
Cherries (g/m²) 339 380 416 174 266 179 217 0 0 
Nectarines (g/m²) 1136 803 1344 706 1253 749 714 0 568 
Olives (g/m²) 243 86 504 39 137 237 24 0 12 
Peaches (g/m²) 1754 1162 2115 608 1474 765 451 0 550 
                                                 
1263 An equivalent set of yield figures were also produced for the remaining 51 Dashboard regions but 
not included here. 
    395 
RESOURCE ITEM YIELD BY ZONE 
Region name AUS 
NSW-
ACT VIC QLD SA WA TAS NT 
South 
East Qld 
Region number 1 2 15 26 40 49 56 60 36 
Plums (g/m²) 790 491 968 896 894 713 232 0 1127 
Apples (g/m²) 1712 1670 1851 1909 919 2218 1501 0 2111 
Pears (g/m²) 1843 720 1937 462 1388 1379 808 0 2272 
Almonds (g/m²) 48 22 42 0 68 0 0 0 0 
Cashews (g/m²) 32 0 0 0 0 0 0 12 0 
Macadamias (g/m²) 159 184 0 126 0 52 0 116 122 
Pecans (g/m²) 222 260 0 47 0 216 0 0 58 
Walnuts (g/m²) 29 31 27 0 0 0 41 0 0 
Avocados (g/m²) 498 407 377 600 276 386 0 363 574 
Guavas (g/m²) 679 655 0 635 0 0 0 1286 837 
Lychees (g/m²) 186 222 0 186 0 0 0 135 126 
Mangoes (g/m²) 419 66 0 446 0 271 0 443 112 
Blueberries (g/m²) 313 344 202 57 94 0 202 0 386 
Raspberries (g/m²) 194 95 219 69 34 166 229 0 0 
Strawberries (g/m²) 1782 705 1470 1994 1986 1993 1173 1297 1990 
Other berries (g/m²) 140 83 152 374 88 123 126 0 423 
Bananas (g/m²) 1841 947 0 1954 0 2224 0 2097 964 
Kiwifruit (g/m²) 1826 921 2259 1719 902 2201 0 0 1691 
Pawpaws (g/m²) 1010 0 0 969 0 2328 0 985 167 
Pineapples (g/m²) 3177 0 0 3180 0 3444 0 1012 3050 
Grape (g/m²) 1060 1181 1148 483 1035 610 510 423 137 
Cotton lint (g/m²) 178 185 0 164 0 0 0 0 219 
Sheep meat (g/m²) 1 2 7 1 0 0 7 0 3 
Sheep wool (g/m²) 0 1 4 0 0 0 4 0 2 
Dairy milk (g/m²) 23 40 199 18 14 12 161 8 85 
Cattle meat (g/m²) 1 2 8 1 1 1 8 0 4 
Chicken meat (g/m²) 74 74 70 60 48 70 86 60 98 
Duck meat (g/m²) 65 65 61 53 42 61 75 53 86 
Turkey meat (g/m²) 63 63 59 51 41 59 73 51 83 
Chicken eggs (g/m²) 66 66 63 54 43 63 77 54 88 
Pig meat (g/m²) 42 42 40 35 28 40 49 34 56 
Fish (g/m²) 61 60 57 51 42 57 67 46 74 
Seafood (g/m²) 39 38 36 32 26 36 44 30 49 
Berries (g/m²) 608 307 511 624 551 0 432 0 749 
Melons (g/m²) 2237 2729 1493 2167 1967 1929 0 2453 1243 
Orange-mandarine (g/m²) 1380 1052 1247 1568 1538 561 0 1522 1186 
Other citrus (g/m²) 1137 833 1254 1496 1371 872 0 221 583 
Stone fruit (g/m²) 1181 721 1447 683 1164 703 424 0 748 
Lettuce (g/m²) 2010 3046 1591 2297 2962 2026 1126 1463 2704 
Buckwheat (g/m²) 102 92 97 108 95 115 260 0 145 
Quinoa (g/m²) 136 123 129 144 126 153 347 0 194 
Rye (g/m²) 45 41 43 48 42 51 114 0 64 
Spelt (g/m²) 68 61 64 72 63 77 173 0 97 
Fig (g/m²) 921 474 0 977 0 1112 0 1048 482 
Passionfruit (g/m²) 1381 711 0 1465 0 1668 0 1573 723 
Persimmon (g/m²) 1035 945 1151 1143 1366 431 0 1141 991 
Rhubarb (g/m²) 1069 423 882 1196 1192 1196 704 0 1194 
Chestnut (unshelled) 58 26 50 0 82 0 79 0 0 
Hazelnut (unshelled) 12 5 10 0 17 0 16 0 0 
Linseed (unshelled) 108 111 110 95 89 0 0 0 128 
Pine (unshelled) 10 4 8 0 14 0 0 0 0 
Pistachio (unshelled) 53 24 46 0 75 0 0 0 0 
Sesame seed 24 25 25 22 20 0 0 0 29 
Broccoflower 1528 1642 1353 1566 2391 1506 1272 0 1455 
Chives 473 420 430 538 479 487 247 344 614 
Kale 700 995 600 637 1193 622 784 509 847 
Alfalfa 693 497 681 648 730 1008 732 0 619 
Choko 1180 898 771 1257 1138 1232 0 1194 854 
Cassava 2788 2937 0 2839 0 1893 2899 2029 2280 
Coffee (green bean) 64 33 0 68 0 78 0 73 34 
Tea leaf (green) 829 426 0 879 0 1001 0 944 434 
Honey 27 29 22 23 32 35 27 36 21 
milk (goat) 6 10 50 4 4 3 40 2 21 
milk (sheep) 10 18 89 8 6 5 72 3 38 
timber (m3/ha) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
 
396 
References 
ABARES. "Australian Crop Report." Canberra: Commonwealth of Australia, 2011. 
———. "Australian Energy Resource Assessment." Commonwealth of Australia, 2010. 
———. "Australian Forest and Wood Products Statistics, September and December Quarters 
2010." Canberra, 2011. 
———. "Guidelines for Land Use Mapping in Australia: Principles, Procedures Land 
Definitions." Canberra, 2011. 
———. "Land Use of Australia." 2005-06 dataset. Canberra: Commonwealth of Australia, 
2010. 
Alexander, Gadi, Isabelle Eaton, and Kieran Egan. "Cracking the Code of Electronic Games: 
Some Lessons for Educators." Teachers College Record 112, no. 7 (2010): 1830-50. 
Allan, W. The African Husbandman. Munster: Lit Verlag, 1965. 
———. Studies in African Land Usage in Northern Rhodesia. Oxford: Oxford University 
Press, 1949. 
Aronsson, H., G. Torstensson, and L. Bergström. "Leaching and Crop Uptake of N, P and K 
from Organic and Conventional Cropping Systems on a Clay Soil." Soil Use and 
Management 23, no. 1 (2007): 71-81. 
Australian Bureau of Statistics. "Agricultural Census." Australian Government, 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DOSSbyTopic/AD7C6DD1D14FB80
9CA256BD000272737?OpenDocument. 
———. "Agricultural Census: ABS Views on Content and Procedures, 2010-11." Canberra: 
Australian Government, 2009. 
———. "Agricultural Commodities Australia 2007-08." Canberra: Commonwealth of 
Australia, 2009. 
———. "Agricultural Commodities Australia 2008-09." Canberra: Commonwealth of 
Australia, 2010. 
———. "Agricultural Commodities Australia 2009-10." Canberra: Commonwealth of 
Australia, 2011. 
———. "Agricultural Commodities Australia 2009-10." Canberra: Commonwealth of 
Australia, 2011. 
———. "Agricultural Commodities: Small Area Data, Australia, 2005-06." Canberra: 
Commonwealth of Australia, 2008. 
———. "Agricultural Commodities: Small Area Data, Australia, 2006-07." Canberra: 
Commonwealth of Australia, 2008. 
———. "Agricultural Survey." Canberra: Australian Government, 2011. 
397 
———. "Apparent Consumption of Foodstuffs Australia." Commonwealth of Australia, 
2000. 
———. "Australian Demographic Statistics." Canberra: Commonwealth of Australia, 2010. 
———. "Australian Demographic Statistics." Canberra: Commonwealth of Australia, 2011. 
———. "Australian Social Trends, Housing, Table 1 Housing National Summary, 1997-
2007." cat. no. 4102.0. Canberra, 2008. 
———. "Characteristics of Australia's Irrigated Farms." Canberra: Australian Government, 
2006. 
———. "Historical Selected Agricultural Commodities, by State (1861 to Present)." 
Canberra: Commonwealth of Australia, 2009. 
———. "Livestock Products Australia." Canberra: Commonwealth of Australia, 2011. 
———. "National Nutrition Survey - Foods Eaten - Australia." Commonwealth of Australia, 
1995. 
———. "Population by Age and Sex, Regions of Australia, 2011." Commonwealth of 
Australia, 2012. 
———. "Survey Participant Information - Agricultural Surveys." Australian Government, 
http://www.abs.gov.au/websitedbs/D3310114.nsf/4a256353001af3ed4b2562bb0012
1564/2c13495b4aedb8b8ca25702f007fa647!OpenDocument#1. 
———. "Water Use on Australian Farms, 2009-10." Canberra: Commonwealth of Australia, 
2009. 
Australian Collaborative Land Use and Management Program. "Land Use of Australia, 
Version 4, 2005/2006." Canberra: Bureau of Rural Sciences, 2010. 
Australian Collaborative Land Use and Management Program (ACLUMP). "Land Use of 
Australia, Version 4, 2005/2006." Canberra: Bureau of Rural Sciences, 2010. 
———. "Land Use Reporting." Canberra: Bureau of Rural Sciences, 2009. 
Australian Government. "Australian Horticulture Fact Sheet." Canberra: Department of 
Agriculture, Fisheries and Forestry, 2012. 
———. "Baby Bonus." Family Assistance Office, 
http://www.familyassist.gov.au/payments/family-assistance-payments/baby-bonus/. 
———. "The Biology and Ecology of Bread Wheat (Triticum Aestivum L. Em Thell.) in 
Australia." Canberra: OGTR, 2005. 
———. "Fact Sheet 15 - Population Growth." Department of Immigration and Citizenship, 
http://www.immi.gov.au/media/fact-sheets/15population.htm. 
———. "Interim Biogeographical Regionalisation of Australia, Version 6.1." Canberra: 
Commonwealth of Australia, 2005. 
———. "Map of NRM Regions." Commonwealth of Australia, 
http://www.nrm.gov.au/about/nrm/regions/index.html. 
———. "National Land Use 2005-06 (Version 4) Summary Statistics 
398 
". Canberra: ABARE, 2006. 
———. Population and Australia: A Demographic Analysis and Projection. Vol. 1. 
Canberra: Australian Government Printing Service, 1975. 
———. A Stocktake of Australia’s Current Investment in Soils Research, Development and 
Extension: A Snapshot for 2010-11. Edited by DAFF Soils Research Development 
and Extension Working Group. Canberra: Department of Agriculture, Fisheries and 
Forestry, 2011. 
———. "Sustainable Australia - Sustainable Communities. A Sustainable Population 
Strategy for Australia." Barton: Department of Sustainability, Environment, Water, 
Population and Communities, 2011. 
———. Wheat Export Marketing Arrangements - Productivity Commission Inquiry Report. 
Vol. 51. Canberra, 2010. 
B.L. "Studies in African Land Usage in Northern Rhodesia. William Allan." African Affairs 
49, no. 194 (1950): 78. 
Badgley, Catherine, Jeremy Moghtader, Eileen Quintero, Emily Zakem, M. Jahi Chappell, 
Katia Avilés-Vázquez, Andrea Samulon, and Ivette Perfecto. "Organic Agriculture 
and the Global Food Supply." Renewable Agriculture and Food Systems 22, no. 02 
(2007): 86-108. 
Banfield, K. "Recognising Ecological Obligations in Planning." In RAPI Limits to Growth 
Forum. Coffs Harbour: Institute for Sustainable Futures, 2000. 
Bardi, Ugo. "The Cuckoo That Won't Sing. Sustainability and Japanese Culture."  
http://cassandralegacy.blogspot.com/2011/04/cuckoo-that-wont-sing-
sustainability.html. 
———. The Limits to Growth Revisited. New York: Springer, 2011. 
Bartlett, Albert. "Al Bartlett, Professor Emeritus Physics."  http://www.albartlett.org/. 
———. "Forgotten Fundamentals of the Energy Crisis." American Journal of Physics 46, 
no. 9 (1978): 876-88. 
Baumhoff, M. A. "The Food Crisis in Prehistory: Overpopulation and the Origins of 
Agriculture by Mark Nathan Cohen " Agricultural History 51, no. 4 (1977): 770-72. 
Bentley, R. W. "Global Oil & Gas Depletion: An Overview." Energy Policy 30 (2002): 189–
205. 
Berardi, G.M. "Organic and Conventional Wheat Production: Examination of Energy and 
Economics." Agro-Ecosystems 4, no. 3 (1978): 367-76. 
Berwick, Mike. "The Optimal Distribution of Planning and Regulatory Functions between 
the State and Local Government." Paper presented at the A forum on rural and 
regional NRM planning, QUT, Brisbane, 11 May 2012. 
Bicknell, K, R Ball, R Cullen, and H Bigsby. "New Methodology for the Ecological 
Footprint with an Application to the New Zealand Economy." Ecological Economics 
27 (1998): 149 - 60. 
Bioenergy Site. "Australia Biofuels Annual Report 2009." Sheffield, 2009. 
399 
Birdsell, Joseph B. "Some Environmental and Cultural Factors Influencing the Structuring of 
Australian Aboriginal Populations." The American Naturalist 87, no. 834 (1953): 
171-207. 
Bodell, J. Michael, and Sam Foucher. "Crude Oil and Liquids Capacity Additions: 2011-
2015." The Oil Drum, http://www.theoildrum.com/node/7785. 
Borucke, Michael, Gemma Cranston, Alessandro Galli, Kyle Gracey, Katsunori Iha, Joy 
Larson, Scott Mattoon, David Moore, Juan Carlos Morales, Pati Poblete, and Mathis 
Wackernagel. "The National Footprint Accounts: 2011 Edition, Working Paper." 
Oakland, CA: Global Footprint Network, 2012. 
Borucke, Michael, David Moore, Gemma Cranston, Kyle Gracey, Katsunori Iha, Joy Larson, 
Elias Lazarus, Juan Carlos Morales, Mathis Wackernagel, and Alessandro Galli. 
"Accounting for Demand and Supply of the Biosphere’s Regenerative Capacity: The 
National Footprint Accounts’ Underlying Methodology and Framework." Oakland, 
CA: Global Footprint Network, 2011. 
Boserup, E. The Conditions of Agricultural Growth: The Economics of Agrarian Change 
under Population Pressure. New Brunswick: Aldine Transaction, 2005. 
———. The Conditions of Agricultural Growth: The Economics of Agrarian Change under 
Population Pressure. New Brunswick: Aldine Transaction, 1965. 
Bradford, Jason. "Institutional Barriers and Alternative Paradigms on Population." College 
of Exploration, 
http://coexploration.org/biodiversity/html/EarthDay2004_files/v3_document.htm. 
Bradley, R. L., and R. W. Fulmer. Energy: The Master Resource. Dubuque: Kendall/Hunt 
Publishing Company, 2004. 
Bradsen, J. R. Soil Conservation Legislation in Australia: Report for the National Soil 
Conservation Programme. Adelaide: University of Adelaide, 1988. 
Brandt, Adam R. "Testing Hubbert." Energy Policy 35, no. 5 (2007): 3074-88. 
Brough, Dan. 16 February 2012. 
Brown, A. D. Feed or Feedback: Agriculture, Population Dynamics and the State of the 
Planet. Netherlands: International Books, 2003. 
Brown, L. R. Outgrowing the Earth: The Food Security Challenge in the Age of Falling 
Water Tables and Rising Temperatures. London: Earthscan, 2005. 
Bureau of Meteorology. "Annual Climate Summary 2010." Australian Government,, 
http://www.bom.gov.au/climate/annual_sum/2010/index.shtml. 
———. "Annual Climate Summary Reports." Australian Government,, 
http://www.bom.gov.au/climate/annual_sum/annsum.shtml. 
———. "Australian Climate Variability & Change - Time Series Graphs." Australian 
Government,, http://www.bom.gov.au/cgi-bin/climate/change/timeseries.cgi. 
Bureau of Rural Sciences. "Land Use Mapping at Catchment Scale: Principles, Procedures 
and Definitions." Canberra: Bureau of Rural Sciences, 2001. 
400 
Burney, David A., and Timothy F. Flannery. "Fifty Millennia of Catastrophic Extinctions 
after Human Contact." Trends in Ecology &amp; Evolution 20, no. 7 (2005): 395-
401. 
Buzby, J. C., and H. F. Wells. "Food Availability (Per Capita) Data System." US Department 
of Agriculture, http://www.ers.usda.gov/data-products/food-availability-%28per-
capita%29-data-system.aspx#26705. 
———. "Loss-Adjusted Food Availability Data: Documentation." US Department of 
Agriculture, http://www.ers.usda.gov/Data/FoodConsumption/FoodGuideDoc.htm. 
Byron, Annette, Katrine Baghurst, Lynne Cobiac, Peter Baghurst, and Anthea Magarey. "A 
New Food Guidance System for Australia – Foundation and Total Diets. Revised 
Draft Report for Public Consultation." National Health and Medical Research 
Council, 2011. 
Cairns, L. Land Use Planning. Edited by J. C. Noble and R. A. Bradstock, Mediterranean 
Landscapes in Australia: Mallee Ecosystems and Their Management. East 
Melbourne: CSIRO, 1989. 
Caldwell, John C. "Toward a Restatement of Demographic Transition Theory." Population 
and Development Review 2, no. 3 (1976): 321-66. 
Carr-Saunders, A. M. The Population Problem: A Study in Human Evolution. London: 
Clarendon Press, 1922. 
Castellini, C., C. Mugnai, and A. Dal Bosco. "Effect of Organic Production System on 
Broiler Carcass and Meat Quality." Meat Science 60, no. 3 (2002): 219-25. 
Catton, W. R. Overshoot: The Ecological Basis of Revolutionary Change. Chicago: 
University of Illinois Press, 1982. 
Cederberg, Christel, and Berit Mattsson. "Life Cycle Assessment of Milk Production - a 
Comparison of Conventional and Organic Farming." Journal of Cleaner Production 
8, no. 1 (2000): 49-60. 
Center for Sustainable Systems. "U.S. Food System Factsheet." Ann Arbor: University of 
Michigan, 2011. 
Chefurka, P. "Peak Oil, Carrying Capacity and Overshoot: Population, the Elephant in the 
Room."  http://canada.theoildrum.com/node/2516. 
Chen, Liding, Ingmar Messing, Shurong Zhang, Bojie Fu, and Stig Ledin. "Land Use 
Evaluation and Scenario Analysis Towards Sustainable Planning on the Loess 
Plateau in China - Case Study in a Small Catchment." CATENA 54, no. 1-2 (2003): 
303-16. 
Chisholm, Anthony. "Land, Resources and the Idea of Carrying Capacity." Business Council 
of Australia Papers 1, no. 2 (1999): 19-26. 
Clark, M. S., H. Ferris, K. Klonsky, W. T. Lanini, A. H. C. van Bruggen, and F. G. Zalom. 
"Agronomic, Economic, and Environmental Comparison of Pest Management in 
Conventional and Alternative Tomato and Corn Systems in Northern California." 
Agriculture, Ecosystems & Environment 68, no. 1-2 (1998): 51-71. 
Cohen, Joel. How Many People Can the Earth Support? New York: W. W. Norton, 1995. 
401 
———. "Population Growth and Earth's Human Carrying Capacity." Science 269, no. 5222 
(1995): 341-46. 
Cohen, Mark N. The Food Crisis in Prehistory. New Haven: Yale University Press, 1977. 
———. Health and the Rise of Civilization. New Haven: Yale University Press, 1989. 
———. "Introduction: Rethinking the Origins of Agriculture." Current Anthropology 50, no. 
5 (2009): 591-95. 
Cohen, Mark N., R. S. Malpass, and H. G. Klein. Biosocial Mechanisms of Population 
Regulation. New Haven: Yale University Press, 1980. 
Cole, V, and J Sinclair. "Measuring the Ecological Footprint of a Himalayan Center." 
Mountain Research and Development 22, no. 2 (2002): 132-41. 
Courier-Mail. "Australia's Population Should Be Capped at 28 Million, Says Bob Carr." 
Courier Mail, 24 March 2010. 
Coutts, David A. "Couttsian Growth Model." Academic Publishing Wiki, 
http://academia.wikia.com/wiki/Couttsian_Growth_Model. 
———. "Reverend Thomas Robert Malthus - an Exponentialist View."  
http://members.optusnet.com.au/exponentialist/Malthus.htm. 
Cozens, Mark. "Disposal of Food Waste." Queensland Government, 
http://www.daff.qld.gov.au/4790_12950.htm. 
Darwin, C. The Descent of Man: And Selection in Relation to Sex. London: J. Murray, 1871. 
Davidson, Neil. Email 2011. 
———. Email, 15 November 2012. 
———. Email, 17 October 2012. 
Day, D. Andrew Fisher: Prime Minister of Australia. Sydney: HarperCollins Publishers 
Australia, 2009. 
Denison, R. Ford, Dennis C. Bryant, and Thomas E. Kearney. "Crop Yields over the First 
Nine Years of LTRAS, a Long-Term Comparison of Field Crop Systems in a 
Mediterranean Climate." Field Crops Research 86, no. 2-3 (2004): 267-77. 
Diamond, J. Collapse: How Societies Choose to Fail or Succeed. London: Penguin, 2005. 
Dietz, Thomas, and Eugene Rosa. "Effects of Population and Affluence on CO2 Emissions." 
Proceedings of the National Academy of Sciences 94, no. 1 (1997): 175-79. 
Dilworth, C. Too Smart for Our Own Good: The Ecological Predicament of Humankind. 
Cambridge: Cambridge University Press, 2010. 
Dobbs, Thomas L., and James D. Smolik. "Productivity and Profitability of Conventional 
and Alternative Farming Systems: A Long-Term on-Farm Paired Comparison." 
Journal of Sustainable Agriculture 9, no. 1 (1997): 63-79. 
Doong, Shing H., and Shu-Chun Ho. "The Impact of ICT Development on the Global Digital 
Divide." Electronic Commerce Research and Applications 11, no. 5 (2012): 518-33. 
402 
Drinkwater, L. E., D. K. Letourneau, F. Workneh, A. H. C. van Bruggen, and C. Shennan. 
"Fundamental Differences between Conventional and Organic Tomato 
Agroecosystems in California." Ecological Applications 5, no. 4 (1995): 1098-112. 
Driscoll, Don, George Milkovits, and David Freudenberger. "Impact and Use of Firewood in 
Australia." Canberra: CSIRO Sustainable Ecosystems, 2000. 
Duby, G., and C. Postan. Rural Economy and Country Life in the Medieval West. 
Philadelphia: University of Pennsylvania Press, 1998. 
Durham, David F. "Notes on “Carrying Capacity”." Population & Environment 13, no. 2 
(1991): 119-20. 
Earth Policy Institute. "World Grain Production, Area, and Yield, 1950-2011." Washington 
DC, 2012. 
Ehrlich, Paul R. The Population Bomb. New York: Ballantine Books, 1971. 
Ehrlich, Paul R., and A. H. Ehrlich. The Population Explosion. New York: Simon & 
Schuster, 1991. 
Ehrlich, Paul R., and John P. Holdren. "Human Population and the Global Environment: 
Population Growth, Rising Per Capita Material Consumption, and Disruptive 
Technologies Have Made Civilization a Global Ecological Force." American 
Scientist 62, no. 3 (1974): 282-92. 
———. "Impact of Population Growth." Science 171, no. 3977 (1971): 1212-17. 
Eltun, Ragnar, Audun Korsaeth, and Olav Nordheim. "A Comparison of Environmental, Soil 
Fertility, Yield, and Economical Effects in Six Cropping Systems Based on an 8-
Year Experiment in Norway." Agriculture, Ecosystems &amp; Environment 90, no. 
2 (2002): 155-68. 
Fairlie, Simon. "Can Britain Feed Itself?" The Land 4, no. Winter 2007-8 (2007): 18-26. 
———. Meat: A Benign Extravagance. East Meon, UK: Permanent Publications, 2010. 
Falkenmark, Malin. "Rapid Population Growth and Water Scarcity: The Predicament of 
Tomorrow's Africa." Population and Development Review 16 (1990): 81-94. 
FAO. "A Framework for Land Evaluation." In Soils Bulletin. Rome: FAO, 1976. 
Fearnside, P. Human Carrying Capacity of the Brazilian Rainforest. New York: Columbia 
University Press, 1986. 
Fischer, Günther. "World Food and Agriculture to 2030/50: How Do Climate Change and 
Bioenergy Alter the Long-Term Outlook for Food, Agriculture and Resource 
Availability." In Expert meeting on How to Feed the World in 2050. Rome, 2009. 
Flannery, T. "Biological Considerations in Determining an Optimum Human Population for 
Australia." In Population 2040: Australian Academy of Science, 1995. 
Fleay, B. J. The Decline of the Age of Oil. Annandale: Pluto Press Australia, 1995. 
Foin, Theodore C., and William G. Davis. "Equilibrium and Nonequilibrium Models in 
Ecological Anthropology: An Evaluation of "Stability" In Maring Ecosystems in 
New Guinea." American Anthropologist, New Series 89, no. 1 (1987): 9-31. 
403 
Food Standards Australia and New Zealand. "Ausnut07 Australian Food, Supplement & 
Nutrient Database." Canberra: FSANZ, 2008. 
Forth, G. "Where Have the People Gone? Developing Population Strategies for Australia’s 
Declining Regions." In 11th Biennial Conference 
2020 Vision: Australia’s Demographic Future. Sydney: Australian Population Association, 
2002. 
Foss, Nicole. "Scale Matters." Automatic Earth, http://theautomaticearth.com/Finance/scale-
matters.html. 
Friedrichs, Jörg. "Global Energy Crunch: How Different Parts of the World Would React to 
a Peak Oil Scenario." Energy Policy 38, no. 8 (2010): 4562-69. 
G. Tyler Miller, J., and S. E. Spoolman. Living in the Environment: Concepts, Connections, 
and Solutions. Belmont: Brooks/Cole, 2008. 
Gammage, Bill. The Biggest Estate on Earth: How Aborigines Made Australia. Sydney: 
Allen & Unwin, 2012. 
Gardiner, Peter. "Both Sides Say Use It or Lose It." Noosa News, 16 October 2009. 
Gelfand, I, S.S. Snapp, and G.P Robertson. "Energy Efficiency of Conventional, Organic, 
and Alternative Cropping Systems for Food and Fuel at a Site in the US Midwest." 
Environmental Science and Technology 44 (2010): 4006-11. 
Geno, Larry, and Barbara Geno. "Polyculture Production - Principles, Benefits and Risks of 
Multiple Cropping Land Management Systems for Australia." Canberra: Rural 
Industries Research and Development Corporation, 2001. 
Gerbens-Leenes, P., S. Nonhebel, and W. Ivens. "A Method to Determine Land 
Requirements Relating to Food Consumption Patterns." Agriculture, Ecosystems and 
Environment 90 (2002): 47-58. 
Gilding, P. "Revisiting the Limits to Growth: A Global Forecast for the Next Forty Years." 
ANU,, http://crawford.anu.edu.au/events/content/video/?year=2012&id=2901. 
Ginzburg, L. R., and M. Colyvan. Ecological Orbits: How Planets Move and Populations 
Grow. New York: Oxford University Press, 2004. 
Global Footprint Network. "Application Standards." Global Footprint Network, 
http://www.footprintnetwork.org/en/index.php/GFN/page/application_standards/. 
———. "Country Trends - Australia." Global Footprint Network, 
http://www.footprintnetwork.org/en/index.php/GFN/page/trends/australia/. 
———. "Footprint Calculator." Global Footprint Network, 
http://www.footprintnetwork.org/en/index.php/GFN/page/calculators/. 
Graincorp. "Graincorp Harvest Report 09/10." Sydney, 2010. 
Graves, Ralph A. "Fearful Famines of the Past." The National Geographic Magazine 1917. 
Graymore, Michelle L. M. "Journey to Sustainability: Small Regions, Sustainable Carrying 
Capacity and Sustainability Assessment Methods, PhD Thesis." Griffith University, 
2005. 
404 
Graymore, Michelle L. M., Neil G. Sipe, and Roy E. Rickson. "Sustaining Human Carrying 
Capacity: A Tool for Regional Sustainability Assessment." Ecological Economics 
69, no. 3 (2010): 459-68. 
Grose, C. J. "Land Capability Handbook - Guidelines for the Classification of Agricultural 
Land in Tasmania." Hobart: DPIWE Tasmania, 1999. 
Grove, S.J., and J. Meggs. "Coarse Woody Debris Biodiversity and Management: A Review 
with Particular Reference to Tasmanian Wet Eucalypt Forests." Australian Forestry 
66 (2003): 258-72. 
Gustavsson, J. "Global Food Losses and Food Waste." Dusseldorf: FAO, 2011. 
Gutteridge, Michael. "Ecological Footprint and Carrying Capacity Studies of South East 
Queensland: A Comparison and Discussion of Results." Brisbane: Department of 
Natural Resources and Mines, Queensland Government, 2005. 
———. "How Big is the Pond? South East Queensland's Ecological Footprint & Carrying 
Capacity." Brisbane, 2006. 
Haas, Guido, Frank Wetterich, and Ulrich Kopke. "Comparing Intensive, Extensified and 
Organic Grassland Farming in Southern Germany by Process Life Cycle 
Assessment." Agriculture, Ecosystems &amp; Environment 83, no. 1-2 (2001): 43-
53. 
Halcrow Pacific. "Redlands Sustainability Study - Final Report." Melbourne: Redland City 
Council, 2011. 
Hall, T. "Where Have All the Gardens Gone?" Australian Planner 45, no. 1 (2008): 30-37. 
Hanley, Susan B., and Kozo Yamamura. Economic and Demographic Change in 
Preindustrial Japan, 1600-1868. Princeton: Princeton University Press, 1977. 
Hardin, Garrett. "Cultural Carrying Capacity - a Biological Approach to Human Problems - 
AIBS News." BioScience 36, no. 9 (1986): 599-606. 
Hardin, Garrett, and J Baden. Managing the Commons. San Francisco: W. H. Freeman, 
1977. 
Harris, Marvin. Cows, Pigs, Wars and Witches. The Riddles of Culture. New York: Random 
House, 1974. 
Hartmann, B. Reproductive Rights and Wrongs: The Global Politics of Population Control. 
Cambridge: South End Press, 1999. 
Hayden, Brian. "On Territoriality and Sedentism." Current Anthropology 41, no. 1 (2000): 
109-12. 
Head, David. "Victorian Grain Silos."  
http://www.elthammrc.org.au/index.php?option=com_content&view=article&id=16
2:victorian-grain-silos&catid=81:scenery&Itemid=93. 
Hoffman, Bill. "Council Set to Fight Growth Push."  
http://www.thedaily.com.au/news/2009/apr/16/council-fight-growth-push/. 
Homer-Dixon, T. F. The Upside of Down: Catastrophe, Creativity, and the Renewal of 
Civilization. Washington D.C.: Island Press, 2006. 
405 
Hopfenberg, Russell. "Human Carrying Capacity Is Determined by Food Availability." 
Population & Environment 25, no. 2 (2003): 109-17. 
Hopkins, M, K Leopold, and S Phillips. "Local Growth Management Strategy Natural 
Environment Assessment Stage 1 - Ecological Context. Report to Port Macquarie - 
Hastings Council." Biolink Ecological Consultants, 2009. 
Horton, David. "Aboriginal Australia." Canberra: Aboriginal Studies Press, 1996. 
House, Peter W., and Edward R. Williams. The Carrying Capacity of a Nation: Growth and 
the Quality of Life. Lexington, Mass.: Lexington Books, 1975. 
Howden, S. Mark, Jean-Francois Soussana, Francesco N. Tubiello, Netra Chhetri, Michael 
Dunlop, and Holger Meinke. "Adapting Agriculture to Climate Change." 
Proceedings of the National Academy of Sciences 104, no. 50 (2007): 19691-96. 
Howell, Ken "Place Marketing and the Attraction and Retention of the Creative Class in 
Regional Areas: The Australian Experience." In 8th European Urban and Regional 
Studies Conference - Repositioning of Europe in an era of global transformation. 
Vienna, 2010. 
Hubbert, M. K. "Nuclear Energy and the Fossil Fuels." In Spring Meeting of the Southern 
District, American Petroleum Institute. San Antonio, Texas, 1956. 
Hughes, J. David. "Energy: A Reality Check on the Shale Revolution." Nature 494, no. 7437 
(2013): 307-08. 
Hulme, T, T Grosskopf, and J Hindle. "Agricultural Land Classification." In Agfacts, edited 
by M Dignand. Wagga Wagga: NSW Agriculture, 2002. 
Hussen, A. M. Principles of Environmental Economics. London: Routledge, 2004. 
Hutchinson, Diane. "What Was the Australian GDP or CPI Then?" Measuring Worth, 
www.measuringworth.com/datasets/australiadata/. 
Imhof, M., P. Rampant, and M. Bluml. "The Future of Land Resources Assessment in 
Victoria." ACLEP Newsletter 9, no. 2 (2000): 6-16. 
International Energy Agency. "World Energy Outlook 2013 Factsheet." Paris, 2013. 
Jackson, Tom. "Sheep Meat - Outlook to 2013-14." Canberra: ABARE, 2009. 
Jones, Barry, and House of Reps Standing Committee for Long Term Strategies. Australia's 
Population Carrying Capacity. Canberra: Australian Government, 1994. 
Kantor, L., K. Lipton, A. Manchester, and V. Oliveira. "Estimating and Addressing 
America's Food Losses." Washington DC: US Department of Agriculture, 1997. 
Kelly, Fran. "Panel Discussion on Population, Radio National Breakfast Program."  (2010), 
http://www.population.org.au/index.php/population/policy/524-panel-discussion-on-
population-radio-national-breakfast-program. 
Kendall, Henry W., and David Pimentel. "Constraints on the Expansion of the Global Food 
Supply." Ambio 23, no. 3 (1994): 198-205. 
Kirchmann, Holger, Lars Bergström, Thomas Kätterer, Olof Andrén, and Rune Andersson. 
Organic Crop Production - Ambitions and Limitations (Can Organic Crop 
Production Feed the World?). Dordrecht, The Netherlands: Springer, 2008. 
406 
Kirchmann, Holger, Lars Bergstrom, Thomas Katterer, Lennart Mattsson, and Sven 
Gesslein. "Comparison of Long-Term Organic and Conventional Crop-Livestock 
Systems on a Previously Nutrient-Depleted Soil in Sweden." Agronomy Journal 99, 
no. 4 (2007): 960-72. 
Kitchen, J. L., G. K. McDonald, K. W. Shepherd, M. F. Lorimer, and R. D. Graham. 
"Comparing Wheat Grown in South Australian Organic and Conventional Farming 
Systems. 1. Growth and Grain Yield." Australian Journal of Agricultural Research 
54, no. 9 (2003): 889-901. 
Klein, David R. "The Introduction, Increase, and Crash of Reindeer on St. Matthew Island." 
The Journal of Wildlife Management 32, no. 2 (1968): 350-67. 
Kremer, Michael. "Population Growth and Technological Change: One Million B.C. To 
1990." The Quarterly Journal of Economics 108, no. 3 (1993): 681-716. 
Kristensen, Troels, and Erik Steen Kristensen. "Analysis and Simulation Modelling of the 
Production in Danish Organic and Conventional Dairy Herds." Livestock Production 
Science 54, no. 1 (1998): 55-65. 
Kristiansen, P., N. Bez, A. Mitchell, and A. Monk. "Australian Organic Market Report 
2010." Chermside: Biological Farmers of Australia, 2010. 
Lane, Murray. "Tuvalu 7 Seas - Community." Tuvalu 7 Seas, 
http://www.tuvalu7seas.com/community.htm. 
Larsen, Janet. "Bumper 2011 Grain Harvest Fails to Rebuild Global Stocks." Earth Policy 
Institute, http://www.earth-policy.org/indicators/C54  
Larsen, K, G Turner, C Ryan, and M Lawrence. "Victorian Food Supply Scenarios - Impacts 
on Availability of a Nutritious Diet." Melbourne: Victorian Eco-Innovation Lab 
(University of Melbourne), CSIRO and Deakin University, 2011. 
Laughlin, C. D. "Pre- and Perinatal Anthropology Iii: Birth Control, Abortion and Infanticide 
in Cross-Cultural Perspective." Journal of Prenatal & Perinatal Psychology & 
Health 9, no. 1 (1994): 85-101. 
Lenzen, Manfred. Email, 15 November 2012. 
Lenzen, Manfred, and S. A. Murray. "The Ecological Footprint - Issues and Trends." 
Sydney: University of Sydney, 2003. 
Lenzen, Manfred, and Shauna A. Murray. "A Modified Ecological Footprint Method and Its 
Application to Australia." Ecological Economics 37, no. 2 (2001): 229-55. 
Leopold, A. Game Management. Madison: University of Wisconsin Press, 1933. 
Leopold, A., S. L. Flader, and J. B. Callicott. The River of the Mother of God: And Other 
Essays by Aldo Leopold: University of Wisconsin Press, [1941] 1992. 
Liu, Yanhua. "Science and Technology: The Essential Way to Keep Sustainable 
Development of World Agriculture and Trade." In 4th International Crop Science 
Congress: New directions for a diverse planet. Brisbane, 2004. 
Livi-Bacci, Massimo. A Concise History of World Population. Oxford: Blackwell, 1992. 
407 
Lobell, David B., Kenneth G. Cassman, and Christopher B. Field. "Crop Yield Gaps: Their 
Importance, Magnitudes, and Causes." Annual Review of Environment and 
Resources 34, no. 1 (2009): 179-204. 
Lockeretz, William, Georgia Shearer, and Daniel H. Kohl. "Organic Farming in the Corn 
Belt." Science 211, no. 4482 (1981): 540-47. 
Logan, Doug. "Foreign Affairs: How Biofuels Could Starve the Poor." New Energy Watch, 
http://www.newenergywatch.com/2007/06/foreign_affairs.html. 
Logsdon, Gene. Small-Scale Grain Raising. Emmaus, Pennsylvania: Rodale Press, 1977. 
Lomborg, B. The Sceptical Environmentalist: Measuring the Real State of the World. 
Cambridge: Cambridge University Press, 2001. 
MacArthur, R. H., and E. O. Wilson. The Theory of Island Biogeography. Princeton: 
Princeton University Press, 1967. 
Macfarlane, Alan. The Savage Wars of Peace. New York: Palgrave Macmillan, 2003. 
Mader, Paul, Andreas Fliesbach, David Dubois, Lucie Gunst, Padruot Fried, and Urs Niggli. 
"Soil Fertility and Biodiversity in Organic Farming." Science 296, no. 5573 (2002): 
1694-97. 
Madison, D. Preserving Food without Freezing or Canning: Old World Techniques and 
Recipes. Vermont: Chelsea Green, 2007. 
Malthus, T. R. Population: The First Essay. Michigan: University of Michigan Press, 1959. 
Malthus, T. R., W. Godwin, and J. Murray. An Essay on the Principle of Population: Or, a 
View of Its Past and Present Effects on Human Happiness; with an Inquiry into Our 
Prospects Respecting the Future Removal or Mitigation of the Evils Which It 
Occasions. 3rd (1st edition 1798) ed. London: J. Murray, 1817. 
Maslow, A. H. "A Theory of Human Motivation." Psychological Review 50, no. 4 (1943): 
370-96. 
Matthews, Ruth, and Young Garrison. Food Yields Summarized by Different Stages of 
Preparation Washington DC: US Department of Agriculture, 1975. 
Maugeri, Leonardo. "The Shale Oil Boom: A US Phenomenon." Harvard Kennedy School 
(2013). 
Mazoyer, M., L. Roudart, and J. H. Membrez. A History of World Agriculture: From the 
Neolithic Age to the Current Crisis. New York: Monthly Review Press, 2006. 
McCarthy, S. "Beyond Business as Usual: Peak Oil and the Southeast Queensland Regional 
Plan - Submission to the Queensland Department of Infrastructure and Planning on 
the Draft South East Queensland Regional Plan 2009-2031." Brisbane: ASPO, 2009. 
McConnell, R. "The Human Population Carrying Capacity of the Chesapeake Bay 
Watershed: A Preliminary Analysis." Population and Environment 16, no. 4 (1995): 
335-51. 
McKenzie, N. J., M. J. Grundy, R. Webster, and A. J. Ringrose-Voase. Guidelines for 
Surveying Soil and Land Resources. Collingwood: CSIRO, 2008. 
408 
McKenzie, N. J., D. W. Jacquier, D. J. Maschmedt, E. A. Griffin, and D. M. Brough. "The 
Australian Soil Resource Information System (ASRIS) Technical Specifications." 
CSIRO, 2012. 
McLaren, C. "Dry Sheep Equivalent for Comparing Different Classes of Livestock." In 
Agriculture notes. Melbourne: Department of Primary Industries, Victoria, 1997. 
McManus, Phil, and Graham Haughton. "Planning with Ecological Footprints: A 
Sympathetic Critique of Theory and Practice." Environment and Urbanization 18, 
no. 1 (2006): 113-27. 
McNamara, Andrew. "Queensland’s Vulnerability to Rising Oil Prices Taskforce Report." 
Brisbane: Queensland Government, 2007. 
———. "Towards Oil Resilience Community Information Paper." Brisbane: Queensland 
Government, 2007. 
McNicoll, Geoffrey. "Reviewed Works: Australia's Population `Carrying Capacity': One 
Nation--Two Ecologies. By Australian Parliament, House of Representatives 
Standing Committee on Long Term Strategies." Population and Development 
Review 22, no. 1 (1996): 167-68. 
Meadows, D. H., D. L. Meadows, J. Randers, and W. Behrens. The Limits of Growth. A 
Report for the Club of Rome's Project on the Predicament of Mankind. London: Pan, 
1972. 
Meadows, D. H., J. Randers, and D. L. Meadows. Limits to Growth: The 30-Year Update. 
London: Earthscan, 2005. 
———. Limits to Growth: The 30-Year Update. Vermont: Chelsea Green Publishing, 2004. 
Meyer, Perrin S., and Jesse H. Ausubel. "Carrying Capacity: A Model with Logistically 
Varying Limits." Technological Forecasting and Social Change 61, no. 3 (1999): 
209-14. 
Mitra, J. "Genetics and Genetic Improvement of Drought Resistance in Crop Plants." 
Current Science 80, no. 6 (2001): 758-63. 
Mochelle, Richard. "Conceiving the Rural Precinct and Its Boundaries: Towards a New 
Framework for Rural Planning." Department of Natural Resources and Mines, 
Queensland Government, 2006. 
———. "Priocracy in Brief." Unpublished working document, sourced from author, 2012. 
———. "Towards a New Constitutionalism: Developing Global Civic Responsibility 
through Participation in World Constitutional Deliberation." RMIT, 2001. 
Mochelle, Richard, and Chris Brisbin. "Rurban Systems Design Charrette." Brisbane: QUT, 
2008. 
Moir, Brian, and Paul Morris. "Global Food Security: Facts, Issues and Implications." In 
Science and Economic Insights. Canberra: ABARE, 2011. 
Morbidini, L., D.M. Sarti, P. Pollidori, and A Valigi. "Carcass, Meat and Fat Quality in 
Italian Merino Derived Lambs Obtained with ‘Organic’ Farming Systems." FAO-
CIHEAM Network, 1999. 
409 
Morgan, E. "Fruit and Vegetable Consumption and Waste in Australia." Melbourne: 
Victorian Health Promotion Foundation, 2009. 
Moroney, J., and D. Jones. "Biodiversity Space in Urban Environments: Implications of 
Changing Lot Size." Australian Planner 43, no. 4 (2006): 22-47. 
Mues, C., D. Peterson, T. Walshaw, and P. Morris. "Future of Land Use in Australia: An 
Economic Perspective." Land Degradation & Development 5, no. 2 (1994): 127-41. 
Murray, Gordon M., and John P. Brennan. "Estimating Disease Losses to the Australian 
Wheat Industry." Australasian Plant Pathology 38, no. 6 (2009): 558-70. 
Muth, M. K., S. A. Karns, S. J. Neilsen, J. C. Buzby, and H. F. Wells. "Consumer-Level 
Food Loss Estimates and Their Use in the ERS Loss-Adjusted Food Availability 
Data." Washington DC: US Department of Agriculture, 2011. 
Nguyen, M. L., and R. J. Haynes. "Energy and Labour Efficiency for Three Pairs of 
Conventional and Alternative Mixed Cropping (Pasture-Arable) Farms in 
Canterbury, New Zealand." Agriculture, Ecosystems & Environment 52, no. 2-3 
(1995): 163-72. 
Nieberg, H, and F Offermann. Economic Performance of Organic Farms in Europe. Organic 
Farming in Europe: Economics and Policy, Vol. 5. Stuttgart - Hohenheim: 
Universität Hohenheim, 2000. 
Noble, K. E. "Land Capability Survey of Tasmania - Pipers Report." Hobart: Department of 
Primary Industry, 1992. 
Notestein, Frank W. Population: The Long View. Edited by Theodore W. Schutltz, Food for 
the World. Chicago: University of Chicago Press, 1945. 
Oil Depletion Analysis Center. "Peak Oil Primer." ODAC, http://www.odac-info.org/peak-
oil-primer. 
Olsson, Viktoria, Kristina Andersson, Ingemar Hansson, and Kerstin Lundstrom. 
"Differences in Meat Quality between Organically and Conventionally Produced 
Pigs." Meat Science 64, no. 3 (2003): 287-97. 
Orians, Gordon H., and Antoni V. Milewski. "Ecology of Australia: The Effects of Nutrient-
Poor Soils and Intense Fires." Biological Reviews 82, no. 3 (2007): 393-423. 
Osborn, Stephen G., Avner Vengosh, Nathaniel R. Warner, and Robert B. Jackson. 
"Methane Contamination of Drinking Water Accompanying Gas-Well Drilling and 
Hydraulic Fracturing." Proceedings of the National Academy of Sciences 108, no. 20 
(2011): 8172-76. 
Ostrom, E. Governing the Commons: The Evolution of Institutions for Collective Action. 
Cambridge: Cambridge University Press, 1990. 
Pandey, Shivaji. "Save and Grow." Food and Agriculture Organisation of the United 
Nations, http://www.fao.org/ag/save-and-grow/en/1/index.html. 
Parker, Jane, and Paul Selman. "Working Towards Sustainable Communities in Canada." 
The London Journal of Canadian Studies 13 (1997): 61-76. 
Parsons, W. "Organic Fruit and Vegetable Production: Is It for You?" In Vista on the Agri-
Food Industry and the Farm Community. Ottawa, Ontario: Statistics Canada, 
Agriculture Division, 2002. 
410 
Pearce, David. "Policy Forum: Designing a Carbon Price Policy: Empirical Uncertainties in 
Climate Policy Implementation." Australian Economic Review 45, no. 1 (2012): 
114-24. 
Peters, Christian J., Jennifer L. Wilkins, and Gary W. Fick. "Cultivating Better Nutrition: 
Can the Food Pyramid Help Translate Dietary Recommendations into Agricultural 
Goals?" Agronomy Journal 95, no. 6 (2003): 1424-31. 
———. "Input and Output Data in Studying the Impact of Meat and Fat on the Land 
Resource Requirements of the Human Diet and Potential Carrying Capacity: The 
New York State Example " In CSS Research Series 1 - 25: Department of Crop and 
Soil Sciences, 2005. 
———. "Testing a Complete-Diet Model for Estimating the Land Resource Requirements of 
Food Consumption and Agricultural Carrying Capacity: The New York State 
Example." Renewable Agriculture and Food Systems 22, no. 2 (2007): 145-53. 
Peterson, Garry D., Graeme S. Cumming, and Stephen R. Carpenter. "Scenario Planning: A 
Tool for Conservation in an Uncertain World." Conservation Biology 17, no. 2 
(2003): 358-66. 
Phipps, R. H., and D. E. Beever. "New Technology: Issues Relating to the Use of 
Genetically Modified Crops." Journal of Animal and Feed Sciences 9, no. 4 (2000): 
543-61. 
Pillarisetti, J Ram. "World Trade in Environmentally Sustainable Agriculture Products: 
Policy Issues for Australia." Journal of Economic and Social Policy 7, no. 1 (2002). 
Pimentel, David, Paul Hepperly, James Hanson, David Douds, and Rita Seidel. 
"Environmental, Energetic, and Economic Comparisons of Organic and 
Conventional Farming Systems." Bioscience 55, no. 7 (2005): 573-82. 
Plastina, Alejandro. "World Apparel Fiber Consumption Survey." Washington DC: 
FAO/ICAC, 2011. 
Pollan, Michael. The Omnivore's Dilemma. A Natural History of Four Meals. New York: 
Penguin Press, 2006. 
Porter, P. M., D. R. Huggins, C. A. Perillo, S. R. Quiring, and R. K. Crookston. "Organic 
and Other Management Strategies with Two- and Four-Year Crop Rotations in 
Minnesota." Agronomy Journal 95, no. 2 (2003): 233-44. 
Poudel, D. D., W. R. Horwath, W. T. Lanini, S. R. Temple, and A. H. C. van Bruggen. 
"Comparison of Soil N Availability and Leaching Potential, Crop Yields and Weeds 
in Organic, Low-Input and Conventional Farming Systems in Northern California." 
Agriculture, Ecosystems & Environment 90, no. 2 (2002): 125-37. 
Price, David. "Carrying Capacity Reconsidered. Population and Environment."  21, no. 1 
(1999). 
Queensland Government. "Guidelines for Agricultural Land Evaluation in Queensland." 
Brisbane: Department of Natural Resources and Mines, 1990. 
———. "South East Queensland Regional Plan 2009 - 2031." edited by S Hinchliffe. 
Brisbane: Queensland Department of Infrastructure and Planning, 2009. 
Rappaport, Roy A. Pigs for the Ancestors: Ritual in the Ecology of a New Guinea People. 
New Haven: Yale University Press, 1967. 
411 
———. "Ritual Regulation of Environmental Relations among a New Guinea People." 
Ethnology 6, no. 1 (1967): 17-30. 
Rasmussen, and Morten. "An Aboriginal Australian Genome Reveals Separate Human 
Dispersals into Asia." Science (2011). 
Raupp, Joachim. "Quality of Plant Products Grown with Manure Fertilization." In 4th 
workshop on Fertilization in Organic Farming. Juva, Finland: Institute for 
Biodynamic Research, 1996. 
Redland City Council. "Redlands 2030 Community Plan." 2010. 
Rees, W. "Ecological Footprints and Appropriated Carrying Capacity: What Urban 
Economics Leaves Out." Environment and Urbanization 4, no. 2 (1992): 121-30. 
Refsgaard, Karen, Niels Halberg, and Erik Steen Kristensen. "Energy Utilization in Crop and 
Dairy Production in Organic and Conventional Livestock Production Systems." 
Agricultural Systems 57, no. 4 (1998): 599-630. 
Reganold, John P., Jerry D. Glover, Preston K. Andrews, and Herbert R. Hinman. 
"Sustainability of Three Apple Production Systems." Nature 410, no. 6831 (2001): 
926-30. 
Reksen, O., A. Tverdal, and E. Ropstad. "A Comparative Study of Reproductive 
Performance in Organic and Conventional Dairy Husbandry." Journal of dairy 
science 82, no. 12 (1999): 2605-10. 
Richerson, Peter J., Robert Boyd, and Robert L. Bettinger. "Was Agriculture Impossible 
During the Pleistocene but Mandatory During the Holocene? A Climate Change 
Hypothesis." American Antiquity 66, no. 3 (2001): 387-411. 
Ritchie, J. "Bill Rees' Last Lecture." The Tyee, http://thetyee.ca/Opinion/2012/02/02/Bill-
Rees-Retires/. 
Robins, Lisa, and Stephen Dovers. "NRM Regions in Australia: The ‘Haves’ and the ‘Have 
Nots’." Geographical Research 45, no. 3 (2007): 273-90. 
Rogers, Bruce, and David Murillo. "Pigs, Parties, and Noise: How Stochasticity Impacts the 
Robustness of the Tsembaga Cultural Practices." Natural Resource Modeling 23, no. 
4 (2010): 437-66. 
Rogers, Peter. "Facing the Freshwater Crisis." Scientific American 299, no. August (2008): 
46-53. 
Rowe, R., D. Howe, and N. Alley. "Guidelines for Land Capability Assessment in Victoria." 
Kew: Victorian Soil Conservation Authority, 1981. 
Rozell, N. "When Reindeer Paradise Turned to Purgatory." Alaska Science Forum, 
http://www2.gi.alaska.edu/ScienceForum/ASF16/1672.html. 
Ryan, M. H., J. W. Derrick, and P. R. Dann. "Grain Mineral Concentrations and Yield of 
Wheat Grown under Organic and Conventional Management." Journal of the 
Science of Food and Agriculture 84, no. 3 (2004): 207-16. 
Sachs, J. D. "Climate Change Refugees." Scientific American 296, no. 6 (2007): 43-43. 
Sales, Leigh. "Bracks, Carr Discuss Population Growth." In Lateline: ABC, 2009. 
412 
———. "Sustainable Population - Leadership."  (2010), 
http://assistant.treasurer.gov.au/DisplayDocs.aspx?doc=transcripts/2010/017.htm&p
ageID=004&min=tsb&Year=&DocType=. 
Sanchez, J.E., R.R. Harwood, T.C. Willson, K. Kizilkaya, J. Smeenk, E. Parker, E.A. Paul, 
B.D. Knezek, and G.P. Robertson. "Managing Soil Carbon and Nitrogen for 
Productivity and Environmental Quality." Agronomy Journal 96, no. 3 (2004): 769-
75. 
Sattler, P., and R. Williams. The Conservation Status of Queensland's Bioregional 
Ecosystems. Brisbane: Queensland Government - Environmental Protection Agency, 
1999. 
Sayre, Nathan F. "The Genesis, History, and Limits of Carrying Capacity." Annals of the 
Association of American Geographers 98, no. 1 (2008): 120-34. 
Schoemaker, Paul. "Scenario Planning: A Tool for Strategic Thinking." Sloan Management 
Review Winter (1995). 
Schulze, Peter C. "I=Pbat." Ecological Economics 40, no. 2 (2002): 149-50. 
Scialabba, N E, and C Hattam. Organic Agriculture, Environment, and Food Security. 
Rome: FAO, 2002. 
Seidl, I, and C Tisdell. "Carrying Capacity Reconsidered: From Malthus' Population Theory 
to Cultural Carrying Capacity." Ecological Economics 31, no. 3 (1998): 395-408. 
Shiklomanov, Igor A. "Appraisal and Assessment of World Water Resources." Water 
International 25, no. 1 (2000): 11-32. 
Skinner. Earth Resources. Englewood Cliffs, NJ: Prentice-Hall, 1969. 
Smil, Vaclav. Energy Transitions: History, Requirements, Prospects. Santa Barbara: 
Praeger, 2010. 
———. Enriching the Earth. Cambridge, MA: MIT Press, 2001. 
———. "How Many People Can the Earth Feed?" Population and Development Review 20, 
no. 2 (1994): 255-92. 
Smith, Paul, John Lawrie, Alan Welch, and Daniel Wiecek. "Developing a Land Capability 
System for the Western Plains of New South Wales." In SuperSoil 2004: 3rd 
Australian New Zealand Soils Conference. University of Sydney, Australia, 2004. 
Smith, Richard G, Fabian D Menalled, and G P Robertson. "Temporal Yield Variability 
under Conventional and Alternative Management Systems." Agronomy Journal 99, 
no. 6 (2007): 1629-34. 
Smith, Thomas C. The Agrarian Origins of Modern Japan. Stanford: Stanford University 
Press, 1959. 
———. Native Sources of Japanese Industrialization, 1750-1920. Stanford: Stanford 
University Press, 1977. 
Smith, Thomas C., R. Y. Eng, and R. T. Lundy. Nakahara: Family Farming and Population 
in a Japanese Village, 1717-1830. Stanford: Stanford University Press, 1977. 
413 
Smith, Vernon L. "The Primitive Hunter Culture, Pleistocene Extinction, and the Rise of 
Agriculture." The Journal of Political Economy 83, no. 4 (1975): 727-55. 
Sorrell, Steve, Jamie Speirs, Roger Bentley, Adam Brandt, and Richard Miller. Global Oil 
Depletion-an Assessment of the Evidence for a near-Term Peak in Global Oil 
Production, 2009. 
Spencer, B., and F. J. Gillen. The Northern Tribes of Central Australia. London: Macmillan 
and Co, 1904. 
Stanton, W. The Rapid Growth of Human Populations, 1750-2000: Histories, Consequences, 
Issues, Nation by Nation: Multi-Science Publishing Company, 2003. 
State of the Environment 2011 Committee. "Australia State of the Environment 2011.  
Independent Report to the Australian Government Minister for Sustainability, 
Environment, Water, Population and Communities." Canberra: Commonwealth of 
Australia, 2011. 
State of the Environment Advisory Council. "Australia: State of the Environment."  (1996). 
Summers, Paul. "Population Carrying Capacity in Noosa Shire." Tewantin: Noosa Shire 
Council, 2004. 
———. "Shire of Noosa Strategic Plan." Tewantin: Noosa Shire Council, 1997. 
Sunshine Coast Regional Council. "Sustainability Advisory Panel Minutes." Nambour, 2009. 
Sussman, Robert W., and Roberta L. Hall. "Addendum: Child Transport, Family Size, and 
Increase in Human Population During the Neolithic." Current Anthropology 13, no. 
2 (1972): 258-67. 
Sutcliffe, Marcus, Paul Hooper, and Ros Howell. "Can Eco-Footprinting Analysis Be Used 
Successfully to Encourage More Sustainable Behaviour at the Household Level?" 
Sustainable Development 16, no. 1 (2008): 1-16. 
Taylor, J. "Refugees and Social Exclusion: What the Literature Says." Migration Action 26, 
no. 2 (2004): 16-31. 
Taylor, J., and D. Stanovic. "Refugees and Regional Settlement." Balancing priorities, 
Brotherhood of St Laurence, Melbourne (2005). 
Teasdale, J, C Coffman, and R Mangum. "Potential Long-Term Benefits of No-Tillage and 
Organic Cropping Systems for Grain Production and Soil Improvement." Agronomy 
Journal 99, no. 5 (2007): 1297-305. 
Tester, M., and P. Langridge. "Breeding Technologies to Increase Crop Production in a 
Changing World." Science 327, no. 5967 (2010): 818-22. 
Tontisirin, Kraisid, and Hartwig de Haen. "Human Energy Requirements." Rome: Food and 
Agriculture Organization of the UN, 2004. 
Torstensson, Gunnar, Helena Aronsson, and Lars Bergström. "Nutrient Use Efficiencies and 
Leaching of Organic and Conventional Cropping Systems in Sweden." Agronomy 
Journal 98, no. 3 (2006): 603-15. 
Trewavas, Anthony. "A Critical Assessment of Organic Farming-and-Food Assertions with 
Particular Respect to the UK and the Potential Environmental Benefits of No-Till 
Agriculture." Crop Protection 23 (2004): 757-81. 
414 
Trewin, Dennis, and Gary Banks. "Characteristics of Australia's Irrigated Farms: 2000-01 to 
2003-04." Canberra: Australian Bureau of Statistics, 2006. 
Trussell, J., J. A. Leveque, J. D. Koenig, R. London, S. Borden, J. Henneberry, K. D. 
LaGuardia, F. Stewart, T. G. Wilson, and S. Wysocki. "The Economic Value of 
Contraception: A Comparison of 15 Methods." American Journal of Public Health 
85, no. 4 (1995): 494-503. 
Tuomisto, H.L., Hodge I.D., Riordan P., and Macdonald D.W. "Assessing the Environmental 
Impacts of Contrasting Farming Systems." Aspects of Applied Biology 93, no. 1 
(2009): 167-72. 
Turner, G. "A Comparison of the Limits to Growth with Thirty Years of Reality." In Socio-
Economics and the Environment in Discussion Working Paper Series 2008-9. 
Canberra: CSIRO, 2008. 
Tverberg, Gail. "World Energy Consumption since 1820 in Charts." Our Finite Earth, 
http://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-
charts/. 
U.S. Census Bureau. "U.S. Census Bureau." Washington DC: U.S. Department of 
Commerce, 2012. 
U.S. Energy Information Administration. "Aeo2012 Early Release Overview." Washington 
D.C.: U.S. Department of Energy 2012. 
United Nations. "World Population Prospects, the 2010 Revision." United Nations, 
http://esa.un.org/unpd/wpp/Excel-Data/population.htm. 
US Department of Energy. "Alternative Fuels Data Centre."  
http://www.afdc.energy.gov/fuels/biodiesel_basics.html. 
USDA. "Adoption of Genetically Engineered Crops in the U.S."  
http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-
the-us/recent-trends-in-ge-adoption.aspx. 
Uzogara, Stella G. "The Impact of Genetic Modification of Human Foods in the 21st 
Century: A Review." Biotechnology Advances 18, no. 3 (2000): 179-206. 
Vail, J. "Envisioning a Hamlet Economy: Topology of Sustainability and Fulfilled Ontogeny 
"  http://www.jeffvail.net/2006/04/envisioning-hamlet-economy-topology-of.html. 
van Gool, D., G. Moore, and P. Tille. "Land Evaluation Standards for Land Resource 
Mapping." Resource Management Technical Report 298 (2005). 
Vandermeer, J. Agroecology. Edited by C. R. Carroll, J. Vandermeer and P. M. Rosset. New 
York: McGraw-Hill, 1990. 
Vandermeer, J., M. van Noordwijk, J. Anderson, C. Ong, and I. Perfecto. "Global Change 
and Multi-Species Agroecosystems: Concepts and Issues." Agriculture, Ecosystems 
& Environment 67, no. 1 (1998): 1-22. 
Victorian Government. "The Changing Social Landscape of Rural Victoria." Department of 
Primary Industries,, http://www.dpi.vic.gov.au/agriculture/about-
agriculture/publications-resources/policy-strategy/the-changing-social-landscape-of-
rural-victoria. 
415 
Wackernagel, Mathis. "Ecological Footprint and Appropriated Carrying Capacity: A Tool 
for Planning toward Sustainability." University of British Columbia, 1994. 
Wackernagel, Mathis, C. Monfreda, D. Moran, P. Wermer, S. Goldfinger, D. Deumling, and 
M. Murray. "National Footprint and Biocapacity Account 2005: The Underlying 
Calculation Method." Oakland, Calif: Global Footprint Network, 2005. 
Waller, Mike. "Oil Vulnerability Strategy / Action Plan for Queensland: Research Paper ". 
Brisbane: Heuris Partners Ltd, 2008. 
Warman, P. R., and K. A. Havard. "Yield, Vitamin and Mineral Contents of Organically and 
Conventionally Grown Carrots and Cabbage." Agriculture, Ecosystems and 
Environment 61, no. 2-3 (1997): 155-62. 
———. "Yield, Vitamin and Mineral Contents of Organically and Conventionally Grown 
Potatoes and Sweet Corn." Agriculture, Ecosystems & Environment 68, no. 3 (1998): 
207-16. 
West, P. W., E. M. Cawsey, J. Stol, and D. Freudenberger. "Firewood Harvest from Forests 
of the Murray-Darling Basin, Australia. Part 2: Plantation Resource Required to 
Supply Present Demand." Biomass and Bioenergy 32, no. 12 (2008): 1220-26. 
Westendorf, M. L. Food Waste to Animal Feed. Ames: John Wiley & Sons, 2000. 
White, S, and D Cordell. "Time for Policy Action on Global Phosphorus Security." The 
Conversation, http://theconversation.edu.au/time-for-policy-action-on-global-
phosphorus-security-5594. 
Whittaker, R. H., and G. E. Likens. "The Biosphere of Man." In Primary Productivity of the 
Biosphere, edited by H. Lieth and R. H. Whittaker. New York: Springer-Verlag, 
1975. 
Whyte, Jess, and Nik Beuret. "Carrying Capacity and Borders." Chain Reaction Winter 
(2004): 28-29. 
Wilkinson, Richard. Poverty and Progress. London: Methuen & Co, 1973. 
Williams, Alan N. "A New Population Curve for Prehistoric Australia." Proceedings of the 
Royal Society Biological Sciences 280 (2013). 
Williams, Richard, and James Walcott. "Environmental Benchmarks for Agriculture? 
Clarifying the Framework in a Federal System - Australia." Land Use Policy 15, no. 
2 (1998): 149-63. 
Wimalasuriya, Rukman, Arthur Ha, Esther Tsafack, and Kristoffer Larson. "Rainfall 
Variability and Its Impact on Dryland Cropping in Victoria." In 52nd Annual 
conference of the Australian Agricultural and Resource Economics Society. 
Canberra, 2008. 
World Energy Council. "Conversion Factors and Energy Equivalents." World Energy 
Council, 
http://www.worldenergy.org/publications/survey_of_energy_resources_2007/625.as
p. 
World Health Organisation. "Tackling the Global Clean Air Challenge." United Nations, 
http://www.who.int/mediacentre/news/releases/2011/air_pollution_20110926/en/ind
ex.html. 
416 
Wrigley, E. A. "The Supply of Raw Materials in the Industrial Revolution." The Economic 
History Review 15, no. 1 (1962): 1-16. 
WWF. "A Price on Carbon Pollution." World Wildlife Fund, 
http://www.wwf.org.au/our_work/people_and_the_environment/global_warming_an
d_climate_change/solutions/price_on_carbon_pollution/. 
Youngquist, W. "The Post-Petroleum Paradigm and Population." Population & Environment 
20, no. 4 (1999): 297-315. 
Zittel, Werner, and Jörg Schindler. "Coal: Resources and Future Production." Energy Watch 
Group, 2007. 
 
 
